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INTRODUCTION. 


Tur northorn regions of the United States of North America, probably possess 
® greater amount of water-power than any other part of the world of equal 
extent, and the active end inventive genius of the American people, combined 
‘with the very high price of labor, has had n powerful influence in bringing this 
power into use, Nevertheless, the waterpower is so vast, compared with the pop- 
ulation, that only a small portion of it has, up to this tine, been applied to. the 
purposes of man. It was. ostimated, not long sinco, that the total usoful offect 
derived from waterpower in France, was about 20,000 horse-power © An ‘amount | 
of powor fur exceeding this, is already derived from tho Merrimack “River, and, 
its branches, in. Massachusetis and Now TInmpshire, What must be the anoint 
of tho population and wealth of the Northern ‘States, when the other rivers that 
water them are: equally improved? c 

Qne of the earliest: and most suecessfil eflorts to bring into use, in. a sys 
tomatic manner, one of the Jarger water-powors, was made at Lowell in Masi 
chusetts; where, in 1821, a number of farms situated noar Pawtuoket: Falls. on 
the Merrimack River, were purchased by several capitalists of Boston, who obtained 
a charter from tho “Stato of Massnehusetts “under tho «mame of Lhe Merrimack 
Munyuclutig Company. In 1826, the property was transferred to the Proprietors 
of the Loeks and Canals ou Merrimack River, a corporation chartored in 1702 for * 
the purpoxe of improviig the navigation of the Monimack River. Proviously to 
tho ‘transfer, tho Merrimack Manufacturing Company had orected a dam of. about 
950 fect in length, at tho head of Pawtucket Falls,. and had also - enlarged the 
Pawtucket Canal, which was originally constructed, previously to tho year. 1800, 


by the Proprietors of the Locks and Canuls on Merrimack River, for. the purposes 
: , B 
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of navigation, Subsequenlly to the enlargement, however, this ennal his heen 
used both for purposes of navigation, and to supply water to the wheeld of 
numerous manufaeturing establishments, 

The dam at ‘the head of Pawtucket Tally, in the ordinary stato of the river, 
fleadens the current of the river for about 18 smiles, fomning, in Jew water, a 
reservoir of about 1120 acres; this oxtensive reservoir ix af great value in very 
low stages of the river, as ib affords space for tho acemnuluion of the flow of 
the river during tho night, when tho manufictories are nob in operation, — This 
accumulation is subsequently drawn off, together with the natural How of the 
river, during the usual working hours, 

The total fall of the Merrimack River at Pawluckeb Fall, in ordinary low 
water, is about 85 fect, of which about 2 feet i¢ Tost in consequence of tho 
descent in the canels, leaving a nel ful of about 83 fect, About f af the water 
is used on the ontire fall, and the remainder ix usod twice over, on fila of nhout 
14 and 19 feet respectively. ‘The wator-power has been granted by tha Prapri- 
elors of the Locks and Canals on Morrimack River, in definite quantities culled 
Mill, Powers, which aro equivalent 10 a gross power of a Tittle Teo than 100 
hoxse-powor each, Grants have been male to cloven manuieliing companies, 
who have an aggregate capital, somewhat excootling dhirteen millions of doltlus. 
Thus, to the Merrimack Manufacturing Company, there have bear grantua 244 
mill powers, each of which consists of the right to draw, for 16 hows por dny, 
25 cubic feet of water por second on tho ontive fall. Up to this time, there 
hove been granied at Lowell 189j4 mill powors, or a tolel quantity of water 
equal to 3595,9388 cubic feet por second. A large portion of this water js usu 
on turbines of a very superior description, and nearly all the renuinder, on hreust 
wheels of good construction, » portion of which, however, do not mse quile the 


Whole of tho fll on which they are placed We anny, however, asa that, 


upon mn average, a useful effect is dorived, equal lo § of the tolal power af 
the water expended. Calling tho fall 88 fect, and tho weight of ‘a enbie fret, 
of Water 62.83 pounds, we shall have for the effective power derived from the 
wator-power granted by the Proprietors of the Tocks and Cannls on Morrimack 
River at Lovell, 


pepheee x me x BOXA 8005.4 horse-power. 
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In consequence of the success aliending the improvement of the water-power 
al Lowell, several olher extensive waler-powers in New Imngland have been brought 
into use in a similar manner. Some of these undortakings have beon quile sue 
cosgful, whilst with others, as yot only partially developed, the suocess has not 
boon so doeided, . 

The groat abundance of waterpower in this country has had a strong ten- 
deney to gneourage ils extravagant use; the machines used in tho manufhetories 
we usually great consumers of power; the ability of a machine to tun off tho 
greatest quintity of work with the leash manual Inbor, and in tho deasé tine, has 
heen the point mainly considered; and whether ib required o greater or Jess 
amount of power, has been a secondary consideration, 

The engincoring operations connected with the waterpower at Lowell, have 
froquently demanded move definilo information on cortain points in hydyaulies, 
than was to be found in any of the publications rolating to that science; and 
honee has arison the necossily, from lime io time, of making special oxperimonta 
fo supply the required information. Whenever such omergencies have arisen, the 
officers who have the general care of the interosis of the several corporations, 
with a Hberality founded on onlarged views of the true interests of the bodies 
they represent, lave always beon willing to defray such expenses as wore neces 
smry, in order that tho experiments might be mado in a snlisielory manner, 

The experimonts recorded in the following pages, aro a selection from those 
made hy the author, in the discharge of his duty, as tho Engineor of the Cor 
porations ub Towell. They may be divided into two classes, namely, Firs/, those 
on hydvantia motors, and, second, thoso on the flow of water over weirs, and in 
short rectangular cunals. Combined with the desoription of the experimonts, there 
me also piven some other investigations, which may appear somewhat out of 
pluco, bub which, from Lheir utility or novelty, will be found intevesting to many 
persons who have eullivated tho scieuce of hydraulics, 

The unit of longth adopted in this work, is tho English fool according to 
brass standard meastre mado by Cary of London, now in tho possession of tho 


Lowell Machine Shop. 


Lee, 
Lay, 


HYDRAULIC EXPERIMENTS. 


PART I. 
EXPERIMENTS ON ILYDRAULIC MOTORS, 


EXPERIMENTS UPON TIM TREMONT TURBINE. 


1. Une within a fow years, the water-wwheels in uso inthe principal mune 
turing estwblislinents in New Tngland, wero what are there generally called drcesd 
wheels, sometimes known also by the name of pileh back wheels. They ave the same in 
principlo as the overshol-wheel, the useful effect being produced, almost entirely, by the - 
simple weight of the water in the buckets, and differing only from the overshot-wheed 
in tis, that the water is not carried ontirely over the top of the’ wheel, butts let 
into the huckela nem the top, but. on tho opposite side from that adopted for the 
overshotavheel, An apron, fitting as closely ns practicable to tho wheel, ig-used to 
prevent the water leaving the buckets, until it reaches very nearly the. bottom. of 
the wheel. : : / 

In Lowell, these wheols have beon construoted principally. of wool, many of 
them of very large dimensions, Those in tho amills. of the Merrimack Meamunetuving 
Company, for instance, aro thirty feot in diumoter, with buckets twelve fect Jong, our’ 
of the mills belonging to this company, lave two auch wheels in cach of thom. 

Until the year 1844, the breast wheel, as above described, was considered, hore 
the most perfect wheel that could be used. Much. prejudice existed hero,.as elkxowhere,” 
igninst tho. reaction wheels; a great number of which. had, hoiever, been used 
throughout the country, in the smaller mills, and with grent advantage; for, although. 
they usually gave a very small effect. in proportion tothe quantity of water expended, 
their cheapness, the small space required for thom, their greater velocity, being. less 

: 1 
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‘impeded by backwater, and not requiring expensive wheelpits of musonry, wore very 
~ctmportant considerations 5 and in a country where water, powor ia so nimeh’ more 
abundant than capital, the economy of money was generally of greater importance 
“than the saving of water, 

A. vast amount of ingenuity has been expended by intelligent millwrights, ‘on’ 
these wheels; and it was seid, several years since, that not less than threo hundred 
patents relating to them, had been granted by the United States Government. - They 
continue, perhaps as much as ever, to be the subject of almost innumerable modificn- 
tions, . Within a few years, thoro has been a manifest improvement in them, and there 
‘are now several varictics in use, in, which the wheels themselves aro of simple forme, 
and of single pieces of cast-iron, giving o usofial effect approaching sixty por cent, of 
the power expended, 

F<. The attention of Amertaan engineers was divectad to tho inuproved niin 
Zs wwater-whéels § in ‘use in Franco and other countries in Europe, by several articles in the 
Journal of :the Franklin Institute; and in tho year 1848, there appeared in that 
journal, from the pen of My, Elhyood Morris, an eminent engineer of Pennaylvania, 
“a. translation of a Freneli work, entitled, Lepertments on. twateravhecls having a vertical avis, 
called turbities, by Artin’ Morin, Captain of Artillery, ete, cle. Tn tho sumo journal, My 
Morris.alg6: published ‘an ‘account of a sovles of oxporimonte, by himself, on two turbines 
consirnoted from his own en and then oporating in tho neighborhood of Phila 
delphia. 
The experiments on one sof those wheels, indicate a useful effect of seventy-fyve per . 
cont, of the power expended, a rosult as good as that claimed for tho prnotioal effect 
of the hest. overshot-whools, which. had, heretofore, in’ thia county, been , consitlerad 
unapproachable, in their economical use of wator. 

8. In: the. year 1844, UriahwA. Boyden, Tisq., an éinfrient “hydraulic engineer 
of Massachusetts, designed’a turbine of. about seventy-five horse-power, forthe Pick. 
ing. House. of the: Appleton Compariy’s gottonanills, nt Lowell, in. Masiachusetta, in 

i M piven introduoad soveral Paproyenents of grout value, 










ag found to be sash pov: gant, of the power ixpondud, 
t, In the your 1846, ‘Mr, Boyden superintendod tho construction of three ‘tw 
about one hundred and ninety horsepower oach, for the same company. + By 
the contract, Mr. Boyden’s compensotion depended upon the perform 
arbines, and it was stipuldted that two of them should be tested. .'lho 


contract: a ined the: following ‘clause, “and if the mean power derived from 


“who. found that tho mean maximum ‘affective power of the two turbines 
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these turbines be soventy-cight por cont, of the power of water expended, tho -Apple- 
ton Company to pay me twelve hundred dollars for my services, ond patent rights 
for the apparatus for: these mills; and if the power derived. ho greater than seventy- 
eight per cent, the Appleton Company to pay me, in addition to the twelve hundred 
doliavs, at the rate. of four hundred dollars for every one per cent. of power, obtained 
above scventy-cight per cent” In accordance with the: contract, two of the turbines 
were tested, a very perfect appatatus being designed by Mx, Boyden for‘ tho: purposo,, 
consisting, essentially, of a Prony dynamometer to meonsure ‘the nsf afftbte,* and 
a weir.to gaugo the quantity of water expended. 
6, A groat improvement in the mode of conducting hydraulic aspitindii wad 
hero adopted,-it making each set of observations continuous, the timé.of ‘encli obser 
vation being noted ; thus, the observer who noted tho height of the water above the 
wheal, recorded regularly, say every ‘thirty seconds, tho timo and tho hoight; and so 





witht: 4hé’ other observers, the recorded times ane the means bf afterwards identi- 2 
fying ‘simultancous observations, ; 






G,. Tho observations were put into tho hands: ef the’ audi 


 eighty-cight per cent. of the power of the water expended. 


According to the terms of tho contract, this made the compensation for engineering 
services, and patent rights for these: three wheels, amount to “Alty-two' hundred aller ot 
which sum was paid by the Appleton Company without objection. 

tT These turbines have now beon in operation about eight years, aid their por 
formance has been, in every ‘respect; entirely satisfuctory. ‘The ivon-work for these 
wheels was constructed by Messrs, Gay and Silver, at their machino shop at Novth © 
Chelmsford, near Lowell; the workmanship was’ of the’ finest description, and of a deli- 
cacy se accuracy altogether unprecedented in coiitructions of this class, ; 

. "Thera wheels, of course, contained Mr. Boyden’s Intest improvements, and it 
was ne 'y for his pecuniary interest that the wheels should be as perfect na possible, 
without much vogard to cost, ‘Lhe principal points in which oneof them. differs ftom 
the. constructions of Fourneyron, ao as. follows, 

9. Lhe wooden flume, conducting’ the wader dmmediately to the turbine, ts in’ the for 
an tnverted:truncaled cone, the water being tulroduced tuto the tpper part of the ‘cone, bie one 
sida’ ‘of the dais of the cone (which coincides with the axis of the turbine) in such, a manner, 
that the water, as it descends tn the cone, his a gradually tnereasing velootl “dnd a. spiral 
molioh s the librézontal component of the spiral motion being inthe divection ofthe motion. of the 
wheel. This ‘horizontal. motion is derived from the necessary velocity with which the 
water entore tlie truncated cone; and tho arrangement. is stich ‘that, if perfectly’ propor; 
tioned, there would be “no loss of power between the néemly still water in the principal 
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penstodk cand. the guides or loading cwives noar the wheel, except from the fielion 
of the water-against the walls of ,tho. passages. lt is nob to be suppoxed that the 
construction is so perfect as to avoid all loss, except from friction; but there is, without 

- doubt, a distinct ‘advantage in this avrangement over that which had beon usuilly 
adopted, and where no attempt had been made to avoid sudden changes of direction: 
and velocity. 

10. Whe guides, or leading curves, are not perpenciculia, but a litle inclined backwards 
Jrom. the direction of the motion of the wheel, so that the water, descending with a spiral motion, 
meets only the edges of’ the guides. This leaning of the guides has alvo another viluable 
effects when the regulating gato is raised only a small part of the height af the wheel, 
the guides do not completely fulfil their office of directing the water, the water entering 
thie wheel moré nearly in the direction of the radius, than when the gate is fully raised 3 
by leaning the guides, it will be seen that the ends of tho guides noar the wheel, aro 

“inelined; the ‘bottom. part standing further forward, and operuting more efficiently in 
- direoting the water, when tho mote is partially raised, than if tho guides were poi ook 
dicular: 

i. In thciaeyaans constructions, a garniture is attached to the regulating gate, 
and. moves ;with it; for the purposo. of diminishing the contraction ; this, considered 
apart fom ‘the mechanical difficulties, is probably tho best arrangement; to be perfect, 
howwevel, theoretically, this garniture should be of. difforont forms for different Helgi 
of gttio;’bit this is evidently impracticable. 

Inthe Appleton Turbine, the garniture ts altached to the guides, tha gate (ut least: the lower 
plot sof! it) doing... simple thin. cylinder By this arrangement, the gato meets with much 

- leas ‘obstruction. to -its motion’ thon in the. old arrangement, unless tho parts ato so | 

loosely. fitted. as to bd objectionable; ‘and it is believed that the. coefficient of offect, 
for a partial gate, is proportionally as good as undor the old arrangement. 

42... On the outside of the wheel is filled’ an apparatus named, by Mr, Boyden, the Difruser. 

of this: extiomely interesting invention, is to vender useful a purt of the 

cic Toth in vere ae oC the: water gan tho wheel ie 


















kel heving’ an tation dinmeter a very little larger ihan 
she: i and am 1 exterior Mameter _ to about lice 


alt terior aiibbindarenge of the. dines d the height between ‘ant is shan ting 

; ub the interior circumferende's the form of. the’ surfhoos connecting tbe 
rior civoumferences of the discs, is gontly rounded, tho first elements 
the interior cireumferences, being nonrly horizontal. “There “is: con- 


interior aly 
ofthe: curv 
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acquently, included betiveen the to surfaces, an aperture gradually. enlarging from 
the exterior circumference of the wheel, to the’ exterior circumference of’, the diffuser, . 
When tho regulating. gato is raised to. its full height, the section, through which: the 
water. passes, will be imereased by insensiblo degrees, in the proportion of one to four, 
and if the velocity is uniform in oll parts of the diffusor:at the same distance from thie 
avhoel, ‘the velocity of the water will be. diminished in the same proportion; or its 
volovity on leaving the diffuser, will be one fourth: of that at its entrance. By tho 
ducting of living fovegs; the power of the water in passing through the diffuser must, 
therefore, be diminished ‘to one sixteenth of the power ‘wt-its entrance. It is essential 
to the proper. action of the diffuser, that it should be entirely under water; and the 
power rondered ‘useful by it, is expended in diminishing the pressure against tho water 
issuing from the exterior orifices of the wheel; and the effect produced, is the same 
as if the, available fall wmder which: the turbine: is acting, is increased a certain amount, 
Tt: appears probable that o diffuser of different proportions from thosd-abovo indicated, - 
avotild: operate with some advantage without being submerged: Téis: nearly: always: 
inéorvenient to-placo, the wheel cntirely below low-watermarl:y: wp::to. this: timo, 
~ however, all that heave been: fitted up witha diffuser, have’ beon so placed’s: ‘tind, indeed, . 
to obtain tho full effect of « fall of water, ib appears. essential, oven when a diffuser 
is not used, that tho wheel should be placed. below: the: lowest level. to which ms 
water fills inthe whoelpit, when the wheel is, in operation, Se 
Tho action of the diffuser depends upon siniilar principles to tint of divetuing : 
conical tubes, which, when: of certain proportions,’ it is: well’ known, incrense , the.” 
discharge; the author has not -meb with “any. exporiments on tubes. of this’ form, : 
discharging under. water, althotgh; there is good. reason to beliove, that tubes of greater 
length anc divergoncy would operate more effectively. under water, than-when dissharg- - 
ing frecly in the air; and that results might be obtained, that.are now deomed impossible 
hy most onginoesa, . Boe 
Experiments on thé.samo. turbine, with and without a diffaser, show a gain in 
tho cooficient of effect, due to tho latter, of about. three per cent, By the principles 
of living forees, and. assuming thet the motion of the water is free from inregulavity, 
the. gain should. bo about five per conti ‘Lhe difference is duo, in part at Jenst, to the 
unstable oquilibrium of water, flowing through expanding apertures; this ‘must interfere 
withtho..miformity of the. velocities of the ‘fluid streams, ab equal distances from | 
the..whegl, ; 
AB, Suapending the wheel from the top of the ver ertsead shot, instead -of' aunt 
at the bottoms. This had. been previously: attempted, but.not-with: sth success aa: to 
warrant its: general,.adeption. . Itchas been accomplishod.-with.complete _succass by. 
Mr, Boyden, Wigan iy to cut. the upper part: off ‘tharshaft- into ‘a series of necks, 









ona slop. 
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and to rest the projecting parts upon corresponding parts of a box, A proper fit ia 
secured by lining the box, which is of enst-iron, with babbith motal, a xolt mmetultic 
composition consisting, principally, of tin; tho crstivon box is mado with suitable pro 
jections and recesses 10 support and retain tho soft, motel, whieh ia melted and poured 
into it, the shaft being at the same time in ils propor position in the box, JI will 
readily be seon that a great amount of bearing surfieo can bo casily obtained by this 
mode, and also, what is of equal importance, iL may bo near the axis; tho lining 
metal, being soft, yiclds a little if any part of tho bearing should reecive a grout 
excess of woighl. ‘Cho cast-iron box is suspended on gimbals, similer lo (hoxo usually 
adopted for mariners’ compasses and chronomolers, which arrangement permits tho 
box to oscillate freoly in all diroctions, horizontally, and proventa, in a yroal mensure, 
all danger of bréaking the shaft ot tho necks, in consequences of imperfections in the 
workmanship, or in the adjustments, Soveral years’ oxperienco has shown, that this 
arrangement, carefully constructed, is all that can bo dosived; and theta bearing tux 
constructed, is as durablo, and can bo as readily oiled, aud talon care of, aa any ul’ the 
ordinary bearings in a manufielory, 

14, The buckelg aro sceurod to the crowns of the wheel in a navel, and nutels 
more perfect mannor, than had been proviously used; tho crowns ara firal ture to 
tho required form, and mado smooth; by ingonioww machinery devised for the purpose, 
grooves “ave cut with groat acourncy in the crowns, of tho oxnot curvature of the 
buckets; movlicos ave cut through the crowns, in sevoral places in ench groove; the 
buckets, or floats, axe inado with corresponding tenons, which project through the crowns, 
and are riveted on tho bottom of the lower evown, and on the top of the upper crown 5 
this construction gives Uo roquisile strongth and firmness, with huekets of much thinner 
ivon than was necessary under any of tho old arrongements; it alo louves the porsngen 
through tho wheel entirely free from injurious obstructions, 

16. Mr. Boyden has also designod a largo mmmnbor of turbines for different ann 
Dyehuting establishments in New England, many of thom under contracta similar to 
that with, ho Apploton Company, and haa accumulated a vasl number of valuablu ex- 
periments i ad observations upon thom, which, it ix to be hoped, he will find tine to 
prepayo for publontion } Qa such opportunitics bul rurely occur to ongineers au able 
to profit by thom, ef 

16. In the your 1849, tho Monulnoturing Companica at Lowell purchusod of Me, 
ie og the right to uso, all his improvemonis relating to turbines and other hydraulic 
mi ne that timo it bas devolved upon tho author, as the chiof enginver of theag 
compen ito design and superintond the constuction of such turbines ax might be 
wanted: {ot hair manufactorics, nnd to aid him in this important undertaking, Ma, 
Boyden hag communicated to him copics of many of his dosigns for turbines, togothor 
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with (he resulis of oxporimenis upon a portion of them; he has conmuniented, how- 
over, but lite theoretical information, and tho author has beon guided, principally, by 
& comparison of the most successful designs, and such light as he could obtain from 
writers on this intricate subject. 

“7. The first designs, prepared by tho author, after tho arrangement with My. 
Boyden was entered into, were for fow: turbines of cssontially the same dimensions; 
namely, lwo for the Suffolk Manufacturing Company, and two for tio Tremont Mills, 
for the purpose of furnishing power for the cotton-mills of these companies at Lowell, 
These turbines wore constructed at tho Lowell Machine Shop, and wore completed in 
January, 1851, 

For the purpose, principally, of eslimating tho success of theso turbines, one of 
them was fitted up with a completo apparatus for measuring ils powor, and gunging 
tho quantity of wator discharged; the gauging apparatus was allerwards usod to make + 
tho oxpoviments on the discharge of water over weirs of different proportions, for the 
purpose of dotermining, practically, somo of, the relations roquixed .to of known, in 
ordor to compute tho flow of wator through auch aporlures, ’ 


DESCRIPTION OF ‘TIT TURBINE, y 
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18. The wator is conducted from the principal feedor to the mills at Lowell, 
called the Northern Canal, by an arched canal, or penstock, about ninoty feet in length. 
Tho forebay, inside the whool-house, is constructed of masonry, and haa a goneral width 
of twéuly fool, and o depth of water of fourteen fool; the channels through which tho 
water passer, are so capacious, that the loss of fall in passing from the Northern Canal 
to the forcbay, is scaveoly sensible. During the oxperimonts, howovor, tho hoad of tho 
ponatook was partinlly closed hy gates, so that thoro was a sonsiblo fall nt that time, 

The entrance of tho arched canal is protected by a coarso rack, or grating, for 
tho purporo of proventing large floating suhstances from entering tho forebny; cach 
turbine is also separately guardod by a fino rack, placed in tho forchay, which provonta 
the eutrance into tho turhino of all floating substances that might bo injurious, Both 
racks aro mada of luge exlont, to avoid sensible loss of head to tho wator in pnasing 
through them. : 

Tho extreme rigor of tho Now England winter renders it necessary to Mford to 
watotwheols of all descriptions, completo protection from the cold, ‘Cho rogult is, that 
less interruption from frost is experioncad, than in many milder olitnafés, Tho wheel- 
house, in which those turbines are placed, is a substantial belsh building, well war ined 
in the winter by steam. 
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After passing the ‘abies the water is conducted by an’ arched ennal, or meewsy, 
“about ning, hundred -feet in length, to- tho lower lovel of the. Western Canal, whieh 
serves aga feeder to the Mills of tho Lawrence Manwicturing Company. 

19. Plate I. is ‘a vertical soction through the contre of the turbine, and the axia 
of the supply pipe. 

"Plate IL. is a. plan of the turbine, and whoelpil, 

,. Plate IIL, Figure 1, is o, plan of nealy ono fourth part of tho dise and wheel. 
Figure 2-is & plan of the whole wheel, the guides, and garniture, Iiguro 8 isa ver 
“teal section through both crowns of the whol. 
The same letters indicate the same parts; in all these three plates, 
20, A, the forebay, in which the leyol of tho wator is. nearly the anmo aa in the 
“Northétn Canal; it is represonted at the wsnal working height. 
a1 B, tho surface of the water tn.the wheelat, represented ob the lowest height at 
shia, the turbine is intended to operate. 
4 2 G,tho masonry of the wheelpit. Tho fucos ‘eed the ilieol ave of granite 
pee work, in blocks containing, generally, from ten to forty cubio feet. Tho breking 
‘ig of-hard mica slate. ‘he capping courac, shown particularly on. Plate IL, ia neatly 
dressod -on, its upper surface, ‘The whole is compactly Jatd in hydraulic: coment. 
98. ‘D, tha. floor of. tho wheolnit, Thia floor sustains tho weight of purt of tho BUp 
‘and of part of the water in it, and all the rest of the apparatia, excepting 
gol itself and the vertical shaft, which aro supported by beans and braces, divectly 
\ de walls of tho whoolpit, It wos necessary that the floor should havo suMl- 
cient iffhess to vowist the great upward pressure which takes plues when the wheslpit 
is kept dry by. pumps, in order to permit. repairs to be anode, ho walls of tho wheak 
pit exe builé upon the floor;—~thore way, consequently, no dangor of the whole flour 
being pressed upwards, but.the great width of tho. pit, (bwentyour foet,) would! allow the 
‘eld: in tho Senin unless it ae sakes Pe 















n- ‘ott by: the aietaht uction of the water, says are eovervil 
eh boards, wah. own bo onsily ebieas ben neoomury. 








Bimilat, ‘smouner'to ston boilers rhe horizontal part is nine hak 
ar, athe curved ‘part gradually diminishes in diameter, to its junction. with tho 
be. The upper end of the supply pipe 4a torminated by a castdron ving 2, 
ath on the face, to receive the wooden head gate, . The supply pipe. ix. also 
with ‘the man hole and ventilating pipe @, and the leal box JZ. ‘The use of 
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“tho Inttor is, 40 ontch the leakage of the head gate, whonever it is closed for repaiva .. ." 
of the wheel; at such times, tho. leaknge’ is carried off into the raceway, below the 
whoelpit, by a six inch Pipe, ftunished with a valve which ‘can ‘be anes and ‘shut at 
‘pleaure. 

25. Z, the castron curbs. These conduct the water from the wroight iron sup 
ply pipe, to the diso Tho curbs aro made in four parts; for tho convenience of the 
founder. "Tho surfées at which they-are joined, ato tumed true in.wlatho, packed with 
red load, and: bolted:together with bolts one, and a half inches dinmoter, placed abouk 
six Inchos apart. ‘Cho genoral thicknoss of the ivon is ono and & quarter inchos” The 
flanges axe two'itidhes thick, Tho upper curb has a projection enst on it, to receive the 
dise pipe. Lhie'lower curb is finished on all sides; tho outside, to pormit.the regulating - 
gato to be moved up.and down easily; the inside, to present a aeaH surface to the ; 
‘watoryand: to match accurately with the garniture J, 

‘hd: ourbs axe supported from the wheelpit floor by? four coltiting, two of vihioh 

tstiown at WW, plato L, resting on tho cnst-ront beam O; this plaood on. the _ 

“floor, for the purpose of distributing tho “weight ‘The ovntnes’ df ‘ 

thirteen inches {rom the outside citcumforence of the wheel: ‘he’ igi 

immediately upon tho columns, and the curl upon the beams, the latter projésting 
ovor ‘the columns far enough for. thet purpose, The beams JV’ also ‘act oa’ brace 
from ‘the wheelpit wall to the ourb, and aro strongly bolted at each end. 

26,. .K the disc. This is of onsteixon, ono and a half inches’ thick, and is’ turned | | 
amooth ‘on ‘the upper anrface, and hiso on its civeumferonce, © Tt -is' auspended’ from 
the upper curb, by means of the disc’ pipes A AL The diso cavries. oft ‘its ‘appor 
surfneo thirty-three guides, or londitig curves, for the purpose of giving “the ‘water, 
entering’ the wlicel, proper divections, They are made*of Russian plate dion, one : 
tenth. of an inch in thickness, scoured to the disc by tenons, passing through corres 
aponding -mortices, cut. through the disc, and are riveted on tho ‘wmderside, The 
uppor corners of the guides, neay the wheol, aro connected ‘by the gnmiture JZ, which 
is intended to diminish tho contraction of tho streams entering the wheel, when: tho 
vogulating gato is-fully raised, ‘Tho. garniture is composed of thirty-three - pices of 
onsiriron, or one to fll cach apace botwoon the guides; these piccos of cast-iron a0, 
necossarily, of irregular form; fora top view of them see 2, plate IM, figtite 2. 
They are olso shown in section at plato 1, ‘They are corofully fitted to fil the 
apaoddbotwoen the guides; above the top of the guides, tho adjoluiy pieces axe in 
contact’; ‘they are ‘strongly riveted to the guides, and to. edd "After they 
word all fitted and riveted, the digo was pub in o Inthe, and’ it Op, “the periphery : 
and a part of a ane of ised garniture, were turned om, a that it would fit accue ° 
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yately; but easily, to the contosponding part of the Jower curb, Tho dive tx not fut 
ae to the lower curb, but is rotained in its place, horizontally, by tho Jatter, 
22% MM, the dise pipe, Tho dise is fastened to tho bottom of the dis pipe 
ty: fifteen’ top scrows,.one and a quarter inches’ in diameter, As there ia. a vertical 
* preastire on tho  diso, due to the presuue of. the wholo head, on its horizoutal area, 
the: diso-pipo: and its fastenings require to be very along. The pipe is oight and a hall 
inches ‘diamoter, inside, or one and-a half inches largor than tho shalt passing through 
it; and is one anda quarter inches thick. The upper Hongo iy furnished with adjusting 
sorews, by which the. weight is supported upon the upper curb, and which afford the 
means. of adjusting 4 the height of the disc, The oxerpe of wator between the upper 
curb and, the upper Alnngo of the disc pipo, iy provented by a hand of leather on tho 
outsides: which ig yetained in its place by the wrought ivon ring 2. ‘Chia ring is made 
in two segments, The top of the disc pipe, just below the upper fangy, hina two 
“projeotions, or wings, which fit. into corresponding rodesses, in the top. of the eurh; 
these:.arvo' to ‘prevent the diso from. rotating in the opposite direction to the wheel, 
to which ‘thore is a powerful tendenoy, arising from the ronotion of the water ianting 
from the guidos, 
28.e2R RK; the raguleting: gee. This ig ropresonted on tho xootion, ab plato T, na 
__ tally ilsed and in’ this position the wheel would ho giving its lull power, Tho guts 
“al of oast-ivon,; the cylindyical part is one inch thick, the upper part of the eylindor 
je’stiffened by a-rib, to which aro attached three brackets, ong of which’ iv shown nt 
S;.plate Tend the: two, others at 88, plato iT, ‘Lo these brackets avo attached 
wrouglit ton rods, by which the gate is raised and lowered. ‘Tho brackots nro attached 
to'the'gato.nt equal distances,.and: therefore the rods support equal parla of ita weight, 
..Zo ono of the roda is attached tho rack 7% ‘Ihe other two rods ave attnched, by menna 
of links, to the levers 7’. plate IL, ‘Che: other onda of these lovers onrr ‘y geared areal, 
‘Heads; into whichy and. into the rack V; work three pinions, W, of equal piteh nnd sive, 
“fastonod: to the saine. shaft; As the fulorums of the levers 2% plate 11, ave, exuctly 
inthe, middle, between. the pith lines of tho arch heads and the points. to whieh the 
rods awe vohied, it-Awill be -860n, that by the revolution of the pinion shalt, the pate 
must bemdvéd up oy down, oqually. on: all sides, ‘Tho. shalt on which tho piniona 
‘are fastened, is driven bythe worm. wheel X, plates I. and IL; this is driven hy thie 
Worm" a, either by: tho -géVerhor ¥ ‘or the: hand whool Z Tho shaft on which the 
“q.is fastened, 8: ‘furnished seith thovable couplings, which, when tho speed gate 
: y intermediate ‘points betwoon its highest. and lowest. positions, are retained 
in 1 plied by spiral springs; in either of the extreme positions, the couplings we sep 
sited by means ie a » leven, moved by. pins in the. rack-73 by this meana loth -the 













: Aho 


them of the exact form of the buckets, to the. depth eg, figure 8, plate IIL; thisg¢ 
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regulator ond hand wheel are prevented from moving the gate in one direction, when 
the gate ‘has attained dithor extreme position. “If, however, the regulator. or hand 
wheal ‘should be moved’ in the opposite. direction, the couplings would catch, and the 
gate would be moved. ‘The weight.of the gate is counterbalanced by weights attached 
to the levors “Zand by the intervention of a lever to -the rack: 7; by this ‘avrange- 
ment, both the governor snd hand wheel are required to ae with.only the force 
necessuy to overcome the friction of the apparatis.: Wo eR, 

29. bb Zhe wheel, This consists’ of a central plate. of ates. and of. two 
crowns, ¢¢, ‘of the’ somo material, to which the buckets are attached, ‘tho. central: 
pluto and the oowns aro turned accurately in oa lathe, for the purpose of balancing | 
them, and. algo ‘to:-diminish, as much as possible, the resistances in moving .rxapidly 
through 4h: water, Tho lower crown is faatoned to the central plate, as shown: at 
Aguros:L “tii ':8, plate ITT These figures also show, at.ce, the form of tho crowns; 
por and lower crowns axe preciscly alike; they are nine and a halfinches 
Widos At tho inner cdgo, and at the oiroumferonda,’ tho “thickness as 0,026 inches, 








“andat 6,6) inches from the innor. edgo; where: they have: tho: ey thighndés,: thoy 





aro one inch thick. 

By voferorice to figure 1, plate IIT, it will be scen. that tho ‘buckots.do ‘fot 
‘extond to the ciroumference of the crowns. In tho direction of tho ryadius, the ends 
of tho buckets are 0.25 inches. from the. circumference. _ This ‘is for the purpose of 
permitting the wheel to -be handled with loss danger of: injuring the. onda of the floata ; 
as theso are filed down. to an edge, they would be vory. likely to be damaged during — 
‘the construction of the wheel, if theywore not guarded by the slight projection. of 
the crowna. This construction ‘also enablés tho grooves in the crowns .to afford,more 
perfect support to the onds of the buckets, and also permits a tenon. to. be nee ot 
the extremity of the bucket, : ee 

The. buckets dro forty-four in. number, and ‘are of the form senvonaiied on plate 
WL, figure, L. ° They are mado-of plate’ ixon of excellent quality, imported from Russia 
for the purpose; thoy ‘are of an inch in thickness, ond ave -peouredl to. the crowns 
in the following manner : 

The crowns having been first timed to tho required form, grooves. are: out in 





is 0.1 inches at the edges and.0.6 inches near. the middle, These. grooves aro on 
in a machine contrived for tho purpose, in which tho. cutting tool. is guided by a can. 
Thveo mortices for each bucket are then cut through each. ore sdorresponding . 
tenons are left on the buckets; the latter are bent to the requiréd form, by means 
ofa pair of dies, prepared for the purpose, the plate iron having: been fixst moderately 









heated. ‘The tenons of all the buckets are ‘then entered, into the mortices.in both 
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crowns, the latter aro then drawn fogother, by means of a number of sorewa applied to 
tg of the circumference, and whon the edges of tho buckets are drawn into 


different par ae ne 
tho bottom of the grooves, the tenons are riveled on Lhe opposite sides, This construc 


tion gives great stability to the buckets, and pormity the uso of very thin iron 
30. dd The vertioat shaft, This is of wrought ireu, und is accurately turned 


in every part, ; 
The diameters aro as follows: — 


Below tho hub of tho wheel, . . . «ee es 7 inches 
In the hub of tho whoo. 1 1. 1 + 1 1 ew TH f 
Betweon the top of the hub and the lowor boariug, 7  “ 
Between the bottom of the lower bearing and tho 

hub of the bevel gon, . 6. 6s ee ee BOF 
Tn the hub of the bevel goat,. . . 1. ss se . BF fF 
From the top of tho hub of the bovel goar to the 


suspension box, 6 6 ee ee ee ee BOM 


.By roferenco to plate I, it will bo scon that tho shaft dooa not run upon o alop 
at tho bottom, but upon a sevics of collars, vesting upon corresponding projections in 
the susponsion boxe’, Tho part of tho shaft on which tho collars ara placed, is mado 
separate from the main shaft, and is joinod to it at /, by means of no vockot in the lop 
of the main shaft, which roceives a corresponding part of the collar pice. Tho collars 
aro made of ens stocl; thoy aro separatoly serowed on, and keyed lo ® wrought iron 
spindle, 

31. 6’ The suspension bow. This ia mado in two parts, to admit of ita hoing 
taken off, and put on the shaft; il is lined with babbit motal, a soft composition con- 
sisting principally of tin, It is found that bearings thug lined will carry from fifty to 
a hundred pounds to tho square inch, with evory appearance of durability, 

32. f’f’, The upper and lower bearings, Theso ave of cast-iron, linod with babbit 
motel; they are rotnined in position, horizontally, by meana of adjusting sorewa; var 
tically, thoir weight is sufficient, The paris of tho shaft insido the huba of tho whoul 
and tho bevel goar, ave made slightly toporivg, about yy of an inch in dinmetor in 
the Jength-of tho hubs; tho hubs aro bored out with the same taper, but a vory little 
smaller in diamoler; they are then drawn on by a poworful sorow pureltase, und in 
this: manner aro made to fib vory tight, o provont danger of bursting the hubs, 
they-ato before being drawn on or bored out, strongly hooped with wrouglit iron 
hoops, driven on hot, 

33, , Tho suspension box e’ (art. 81,) rests upon the gimbal g, plates I. and II, Tho 
gimbal itself is supported on the frame LA, by adjusting screws, which give the menns 
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of raising and Joworing tho suspension box, and, with ft, the vertical shaft, and wheel, 
Tt will be poroeived, by tho arrangement of tho bearings abovo and below tho bevel 
goar, that no lateral strain can bo thrown upon the susponsion box, ‘Tho construction of 
tho shaft will evidently not admit, with safety, of lateral strain at the suspension box, and 
it is nocordingly so arranged that this box is free to oscillate horizontally in any direction, 
a small quantity, in case any irregularity in the form of the shaft should roquire it 

The lower ond of the shalt is fitted with a cast steol pind plate I. This is retained, 
in ils place by tho step, which is mado in threo parts, and lined with caschardoned 
wrought iron, The stop is furnished with adjusting screws, by mcans of which tho 
shaft oan bo moyed horizontally in any direction, a small distance. 

Tho weight of the wheol, upright shafl, and bevel gear, is supported by means 
of tho suspension box ¢,’ on the framo %, which rosts upon iho long beams m, reaching 
across the wheelpit, and supported at tho onds by the masonry, and also at intermediate 
point by tho braces #1, 

From oconomicel considerations dhe difuser, dosoribod at ark 12, was omilted at 
the T'vemont Turbine; a Jargo majorily of tho turbines in use at Lowell, howovex, aro 
fitted up with that apparatus, 

84. Tho following aro some of the dimonsions of the turbine, carofully taken attor 
the parts wore Mnished:— 


Weight botween the upper and lowor crowns, at tho outer oxtvom- 

ities of the buckets, n mean of 44 monsuroments, . . . . 0.0814 foot. 
Tloight between the upper and lower crowns, at the inner extrem. 

ities of tho buckets, a moan of 44 measurements, . . . . 0.0868 « 
Tloight between the crowns, at a point 6.6 inches from tho inner 

odges of lho crowns, (designed to bo 0.75 inchos less than , 

at the inner edgag). 6 6 ee ee ee ee we ew 08748 
Shortost distance botween the outor extromities of the buckots 

and the next adjacont buckols, a moan of 182 mensuremonts, 0.18767 « 
Shortest horizontal distance between lwo adjacent guides, taken 


“ 


at tho top of the circumferential part of tho disc, a mean ap i 

of 88 mansuromenls, 6 6 6 ee ee ee ee ew + OLDG0 so 
Do. do. at tho bottom of tho garniture, . . . » + + OBLL7 4 
Do. do. hal@way up between the disc and the salle + QR0dd  « 
Tho shortest distance botween tho guides, by a mean of the .« 

wholo 99 mcoasuroments, . . » « 0.20408 « 


Tieight from the top of the aeoehuisventlel nat of the dso to the 


bottom of the garniture, a mean of 33 mengureinenis, . . 0.97090 « 


YA 


* 
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“85, . The following ave.somo of the most important dimensions uf the apparatus; 
they ore taken: from the original designs, which wero very closely followest in the 


construction. 
oY 
Diameter of the exterior eiveumferenca of the crowns of tho wheal, 83883 feel, 
«> outer extremities of the buckeby 6 6 6 ras 8202 * 
« . @. interior edges of the crowns, and inner edges of 
the bucket oc eee ee O7h0 
« «©. outside of the vylindrical part of the reguinting gute, WTA # 
“ «> inside of the- cylindrical part of the rogulating prtte, iio 


“ « of the outside of the lower cw), taken below: the 
wee flange, se ee ee ee ee ee TS 
“ “.~ jnside of the lower curb, tnken nt tho top. 6. Gebtt 
« @. insido of the lower curb, taken ab the tap of the 
guides. ve ee ONT 
«& Jowor-pirb.of tho dike) 6 6 6 ee ee ee WD 
ae near ; : i 
DUSORIPTION OF THY APPARATUS USED IN THE EXPERIMENTS ON ‘THE 'TREMONT ‘TORTINE, 


86, The details of this opparatus are roproxontod or plate IV. 
. Tho usoful effect was-mensured with a Prony dynamometer, represented in seationul 
devation at figure 1, and in.plan at figure 2. Sel 
“BT Lhe friction pulley A is, of cast-ivon 6.6 foot in iammetoy, to feotewide on the 
thoo, and three inchs thick, Tt is attached to the vertionl what by tha epider 4, the 
lub of which occupies the place on. the shuft intended for the buvel gen 
«Lhe friction pulley has, cast on its interior circumference, six hygy CC) correspon 
ing. to the six-atms- ofthe spider,’ The bolt holes in the ends af the avs avy slightly 
elongated in. tho: direction of the radius, for tho purpoxo of allowing tho friotion pulley 
to expand alittle: ag it becomes honted, without throwing much strain upon the epider, 
When the: spidor.and friction: pulley aré.at tho:samo temperature, the onda of the urmx 
aro in contact with. the friction pullay.’"The fiction pulley wie made of great thick- 


~-ness for two reasons. When the pulley is heated, tho arms oongd-to bo in’ contact with 


- thes interior civeumferende of the pulley, consequently they would not prevent tho 


: pressure, of the brake from altering the form of the pulley. © ‘This vendors gronb. sli 


Neis necessary in the pulley itself Agnin, it ia found that a heavy trietion pulley 
vitisuves more regularity in. the motion,‘oparating, in fact, a a fly-wheel, in equalizing 
small irregulavitie, Soh Ewe : a 
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88, The brakes Wand F avo of mile wood ; the two parts are drayen together by . 
the wrought iron bolts @@, which ave two inches square, — 

89, Lhe bell crank F” owvios atone ond the scale. and at tho other the ‘piston 
of tho hydraulic regulator J; this ond ‘carries also the pointer Z, which indicafés tho 
Jovel of the horizontal arm,: -'The vorticnl arm is connected: with tho’ brake F, by the 
link JZ figure 8. ey 

40... The hydraulie regulator KK, figures 1, 2, and 5, is a very important addition: 
to tho Prony dynamometer, first suggested to tho author by Mr, Boyden in 1844. 
Its office is to control and modify the violent shocks and irregulavitics, which usually 
oceur'in the action of this valuable instrument, and are the cause of some uncertainty. 
in its indications, 

The hydraulic regulator used in. theso oxperiments, ‘consisted of the saeeibon 
cylinder 4; about 1,5 feet in. diameter, with a bottom of plank, which was strongly 
belted to the capping stone of the wheelpit, as.represonted in figure 1, Th this eyline 


don, moves the piston JV, formed of plate iron 0.6 inches .thick, which is. connectod with 
the horizontal arm of the bell crauk by tho piston vod, ‘The ‘cireumferencs of the 


piston is rounded off, and its diameter is about ty inch Jess than the diameter of the 
intetior of the cylinder, The action of the hydraulic regulator is as follows, ‘Th6 


-oylinder. should be: neatly filled with water, or other heavy inclastio fluid. In case of 


any irregularity in tho force of the. wheel, or in the friction of the brake, the tondency — 
will he, cither to raise or lower the weight; in cither case thé: weight ennnot move,. 
except with. a corresponding, movement of the ‘piston. : In consequence of the inelps- 

ticity of the fluid, the piston can movo only:by the displacement of a portion of tho 

fluid, which must evidently pass between the edgo of the piston and the cylinder, and. 
tho,aren of this space being very small, compared. to the area of the piston, tho’ motion’ 
of tho Intter must be slow; giving timo to alter'the tension of tho:brake sevews before 

tho piston hos moved far, It is plain that this avangement muat arrest: all violent 
shocks, but, howevor violent and irregular they may bo, ib is evident that, if tho mean 

force of thom is greater.in ono direction: than in the other, the piston must move in 

the direction of the prepondorating fore0, tho resistance. to uw slow movement being very 

slight, A. amall portion of the véefl offect of tho turbine must be oxponded: in >this 

inatrument; probably less, however, than in the rudo haga the brake weds pe as 

jecb. to without its uso, . : 

41. For tho purpose of ascertaining. the ialbalty. of tho wheel, a seotnitor was 
attached to the top of the vortical shaft, so arranged: that a bell was struck. at the end 
of every: fifty revolutions of tho wheel. : : 

42. To lubri¢ate the friction pulley, and ‘at, the: same time to keep it cool, watet 
wna let on to its ’surficd in four jets, two. of which. ore shown in figuro.2, plate IV.’ 





an 
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These jets were aupplied from a large cisturn, in the attic. of the seigtaleartn Galle 
mill, kept full, duxing: the working hours of the mill, by foree-pumpa. ‘Tho epuirility ol 
water discharged by the four jota was, by a moun of two triale, 0.0288 eubie leet per 

“ guoonid, 72 

In many of the experiments with heavy weights, and consequently slow Velocitinn, 
oil was. used to Jubricate the brake, the watery, during the expariment; ‘being shut aff 
Tt-is found that, with a small quantity of oil, tho fiietion between the brake aud the 

pulley, is much. greater than when the usual quantity of water is applied ; consequently, 
-the-requisito tension of the brake. screws is much lesa with. the oil, nt a lubrientor, 
then with water. This: may not bo the whole: cause of the phenomenon, but, 
whatever it:may be, ‘the easo:of vogulating in slow velocitioa is incomparably greater 

*yiith. ofl ag a Tubricator, than with water applied in a quantity suflivient to keep the 
“pulley cool. ‘The oil was allowed to flow. on in two fino continuous slrenms;~— it 
.did not, however, prevent the pulley from becoming heated aufflciently to deeompony 
the. oil, after rumaing some time, which was distinotly indicated by tho amoko and 
peculiar odor, Wher those indications became vary apparent, the oxporimont. was 
stopped, and water Jet-on by tho jot, until tho pulley was cooled. Aa the pullay 
‘became heated, the brake scvows required to bo gradually slackoned. . 

vIn.tho. oxpeyiments, in table IL, the lubricating fluid was a follows. 

Inthe first twonty-six experiments, water alone was used, 

, cln.the four experiments numbered from 27 to 80, thres gallons of nseod oil swern 
«In. all the experiments requiring a Iubricator, and numbered from $1, to 48, 

- Anclusivo, linseed off was used, -” ee 

és In cxperimonts 49. and 60, resin. ofl: was used, 4 

In. oxperimonts numbered: from. 51 to 60, inclusive, water alono was used, 

ig In experiment 61, -vesin. oil was used, 

: cal. experiment, 62; resin oil nnd a small stream of water were Wel sein the 
Jattor- part of the: experiment, a good deal of ‘steam waa generated by the lreut 

oof tho. filotio: ley, 5 Bet nak 5 

~-Amexperimant 68, resin’ ofl. alona. was weed, <8. ese 

lh oxporitnents, numbered: froin,-46; to 7, inclusive, ‘water nlono waa uactl, 
‘Tn experiments numbored from’ 78 t "79," inchisive, reain oil und a gall wtvenm 

swater wore usod.:* DURAB AP at , 

experiments numbered ‘from’ 81 to 84, inclusive, water alono waa teed, 

t Poxperimonts 85 and §6,-resin oj] and a amall atroam of water were used, 

oe Tn. experiment 87, resin oil-alone-was used, 

Se elhy experiments 90 and 91, wator alone was used, 
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Tn exporiment 92, resin oil and a-small-strerm of water were ‘used, 

43, A special apparatus was ‘provided to imdicate the direction in which the 
water left the wheel. For this purpose the vane P, figures 1, 6, and 7, plate IV, 
was placed near the circumference of the wheel, and was keyed on to the vortidél shaft 
Q, which turned frecly on a-step resting on tho wheelpit floor. ‘The upper.ond of 
the shaft carried the hand J, figures 1 and 4, and: directly under the hand was placed 
the graduated somicirele , divided. into’ 180°. When the vano was parallel to a tan- 

’ gent to the civonmforence of the wheel, drawn through the point: nearest. to tho’ axis ~ 
of the vane, and the -vano was in.tho direction of tho motion of the ‘wheal, the hand 
pointed at 0°, and,,consequenily, when: the vane was in the direction of thé radius of 
the wheol, tho. hand. pointed at 90° Lo prevent sudden vibrations of the. vang a 
modification: of the hydraulic regulator was attached to the lowor part of the vane 
ahatt,,,.Phis apparatus is represented in detail by figures 6 and 8 
iis 44 The -quantity, of water: discharged bythe ‘wheel was. gaugod..ab a, weir.” 
erected for tho purpose at the mouth of the whoelpit. “It is reproscrited ‘on plato V. 
> Migure 1 is a’plan, and figure 2 0 section, ‘showing tho relative. positions 6F the 
turbino A, the grating 2, tho. gue box 6, and: tho ‘tivo divisions ov. -baya ‘of th solr, 
D, and £. 
As. the water fesad ‘from the orifices of tho turbine with. considerable iiss; 






particularly whon the velocity of the wheel was much quicker or slower than. that. 


corresponding to. tho maximym coefficient. of effect, there were often. such violent... 
eommotions in the wheelpit, that, unless some modlo. was adopted to diminish them 
hofore the water reached the weir, er evon the, place whero the depths on tho welr 
wore Iucnsured; it would: have been impossible. to make « satishictory:.gaugo of the , 
water, For this purposa the grating 2, figures 1. and 2, was placed across tle wheolpit, 
This grating presented. numerous apertures, nemily uniformly distributod>dvor its entire 
aron, through which the water must. pass. In the-experiments with o filk:gate, the. full 
from the upper to, the lowor side -of. the grating-was genorally from three to fow' inches, 
The combined effoct of thig full and of the numerous small apertures, was, to obliterate 
almost entirely. tho whitls and. conmiotions of the. water above the grating, , About 
4.6 fvet in length of tho grating betweon J and G, figuro 1, was, so nearly. closod, | 
that but little water passed through that part of the grating ;— this made at very” 
quiet in tho vicinity of the gauge box @ . r 
Figure 8, plato V., is an clovation of tho weir, The. two bays Dewnd B wero 
of nearly equal Jength,—the crest of the’ weir was almost exactly “horizontal, and 
the extreme. variation did not exceed 0.0L inch. ‘The crest of the weir was of cast 
iron, planed..on the upper edge JZ figures 2 and 4, and also on ‘the upstream face, toa . 
‘point L125 inches below the cau this, at figure 4, there was & sinall bevel, 
8 





: 
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3 


ani oon 
‘ also -planed, ie is of which, on an average, waa yy itch ine height of & iueli; 


1 Vo Ine } 
the remainder of the casting was unplancd, ‘The crest of the weir 7 was 4 incl: thick, 


“and was horizontal. The upstream edge, ab J/, was 0 sharp corner, ‘he ends of the 


weir J; figures 1, 2, and 8, were of wood, and of the sano form as the crest 2/ except 
that-there was no bevelled part corresponding to /, figure 4. Tho erest of the woir 
Hf was about 6.5 feet above the floor of the wheelpit, Tho onds of the weir A’ pro- 
Jeoted from the walls of the wheelpit, and. also from the central pier, a mend distances 
of 1.236 foot ‘Tho length of the buy D, was 8489 foot, und of the bay. J, 8.40L 
fect, making the total length of tho weir 10.08 fect. 

45, The depth of the water-on the woir waa taken in the gauge Lox 6, Rane 


Dand 2 plate. V., by: yocans of the hook gaugo.l, which is represented in stall hy 


‘figures.9, 10, and 11, plage IV. 
he hook gauge is-the invention of Mr, Boyden," and is an inateuntent of inesti- 





; ‘rhable; value in hydraulic experiments, All other known. methods of monatring the 


“heights of the surfaco of still water, are soriously ipcommoded by the offects af 


‘e 





capillary attraction; this instrument, on tho contrary, owos {ta oxtraordinary precision 
to thet phenomonon,.. At figure 10, plate.IV,, the point of tho haolt A, is represented 
ag coinciding with tho Burface of the water, If the point of tho hook should ho 1 
ile above the surhaea,, the water. in the hnmediate vicinity of the hook, would, 
by, capillary attraction,’ ‘po elevated with it, causing a distortion in the reflection of the 
light ftom the surface: of tho water. Tho most convenient method of observing. with 
this instrument, according to the experience of the author, is, first, lo lower tho point 
‘of tho hook, by means of the screw, to a liltle distance below the aurfies; — thon to 
aise it, ‘again slowly. by the same means, until tho distortion of the xofleation “bogina 
» to show itself; —- then to make a slightsmovemont of the screw in the opposite direction, 
80 as just to caugo the distortion to disappenr; the point will then he almost exnetly 





“ab: the: level of the surface, 


ith no particular arrangements for divooting light..on the surfiee, difforences 
. inchelght of 0.004 Bet are ‘vary distinct auantifiog but by acts! oo for 






ceheat ennnot be Bsr Loree tn ie saree it wae ‘pled in the 
box Gin which’ ‘the communication: 






oe 





"Porsuche tiber den ausfluss des 4 wassors chireh seliteher, hithna, Happen aad ventilo, hy Sulina Weisbach, 
Lolpati 5 1842; page 1, is described an instrument for. obsorving heiglta of water, having a slight resemblaneg 
+ to: the. liook gilige’ it was howoyer used by; Beit Anon more perfect form, several yenrk previous to the 
rales of st: mor : 


-ofcach obsorvution was. also: noted, which gave the means of identifying simult 
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whon, by partially obstructing this commuvieation, the extent of the osoilintions could 


be diminished at will: : 

For the most perfect observations, it is eatontial tliat tho surface of the: water 
should be wi rest, If, however, it should oscillate a little, a good mean may be obtained 
by adjusting the point of the hook to a height at which it lt be visible above the 
sunfice ‘of the water only. half tho time, 

The movable -tod to which the hook was attached, was of copper, dnd gradinted 


to hundredths of ‘{6et,- but, by means of the vernivr, thousandths wore medsured; and, 


in somo: casos ten. thousandths were estimated,’ In ater, and more porfeot : ‘forma’ of 
this instrument;-the point of the hook is immediately under the graduation, S70.» 

46. The heights of the water in the forebuy, and. in the wheelpit, were talon 
by meand of gouges, placed in. tho’ gauge boxes p and gy, plate IL: Theso boxes wore 


similar to ‘tho ‘box. G plate V., in which the hook gauge was placed, Both gauges. . 
wete'graduntod to fect and hundvedtha, and. both lind: the’ same. voro ‘poitit;. viz, the. | 
» level of tho cront- of ‘the weir, 80 that tho -diffeverice in’ tho ronilings’ at the’ tivo 
” gritiges, gives, ab onde, the fall acting upon the Whé@dl}, ‘and ‘the ‘difference between’ the 
doptlis of the water on the Weir, a4 obsorved ‘at tho’ hook’ gaugo, and the vending : 


ab the gauge 9, gives ‘tho fall at tho grating. 
Ti consequence of want of space in plate IL, the gaugo box p is not sooieliod 


in-its truo position, —it was actually in front of tho head gate, and aboui six faot a 


distant. : 
47, ‘The heights of the vogulating isis word taken at the rack % plato I. The 
woights used for, measuring the useful effect, were piccos of pig-iron: of various aizes, 


ench of which had beon distinctly marked with its weight by My 0, Ar Richavdsoh, 


the official senlor of woights and mieastivos ‘for the City of ik ae 


* 


a 
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48, A soparate bee ‘went ‘Appointed ' to. note. encl class of dala;. the tina 









obsot'viitions,. ‘To accomplish ‘this, ouch observer was furnishod with ‘a wat iievin gs 
a second hand ;— the watch by which the speed of the wheel was obscrve a.taken 
as the standard; all the others were frequently compared with it, and When the vavi- 


the difference noted. 
This mode of observing must, evidently, lead tor more precise results than that. i in 


which « single observer, however skilful,. undertakes to: note all tho phenomena,’ or 


a 
' 


~ ations exoceded ten or. fifteen seconds, thoy were cither eee to the stendant, or 
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even several of them. By the mothod adopted, a regular revord ix mede of thie 
state of things at vory short intervals, furnishing the date for a mein vonult for any 
required period, and also the. means of detecting, in most cases, the causer of apparent 
m fliscrepancios, It also. relieves tho experimenter from the distraction of having 
numerous oxact observations to make in a very short tine, and loaves hin much 
more ‘ab liberty to exorciso a vigilant watch over the gonaral course of the 
experiment, 

49, As ib may, be usoful to experimenters, nob acatmtomed to this mode of 
observing, and, at tho ‘same time, afford ‘tho render some mouns of judging of the 
acournoy of the vesults obtained in theso oxperimonts, the following oxtracta aro 
given from ‘the original note-books, Tho extracts include tho datn observed for 
7 ‘experiment numbered 80 in teblo" II. This experiment is sclected, simply, beenusa 
it, gave. the maximum cooflicient of offeot, 


WEIGHT IN TIM SCAUN. 
Extreot Samm fetybotl an tha author, who suporintended tha experiments, 
1,498 Ths, 10} on, 


a; as, Se Oe ee eas, Sele 
_ Weight for the noxt experiment, . . 1,624 Iba 103 Ot 





SPEED OF WE WEEE. ; ye, 
Tixtract from. the note-book of Mr, Charles Leonard. 









‘Times i whieh tho Ditoroncos, 


all abrtiole: 
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ELEVATION OF ‘EWE POINTER. ON THE BELT CRANK, 


‘Mma, Holght of Tino. wet of ‘LImo, Holght of 
ol 


|. potter, . hitor, NOt,” 
I foot. Iu foot, aT | dn foot. 












Norn, |! 


omnity of tho .pointor was 6.5 feat from tie fulerum of tho bell, oral, Whon the 
horizohital a “eae 


‘ofthe bell. crank woro lovel, the height of tho pointer wae 0,20 feel. 


TRIG OF THD WATER ABOVR, THD WHEL, 
Laken in the forcbay by Mis Jolin Nowell, 








Holle, | tee Htoglit, y Tlolght 
in ae in foot! | in an ? 


18,100 16.110 4, 15.120 
15.100.| 5. | 0, 1515 | 15.120 
15.100 15.120 16.120 
15.100 L 15.120 “15.115 
16.110 30, 16.116 | 
15.115 2, . 5.110 | 
15.110 |, : 15410 
15.100 | 8. mie 16,110 





15,108 : 
Norn .Tho-top of the wolr is tho ror point of tho gaugo iu tho forobay: 





HEIGHT OF THE WATER AVIER PAssING WHE Win, 
Laken’ tie the wheelitt by Mr, Loud Hixon, 


Thine, : “olght, 
; In-fook, 


Havin. | soo. 
0, 
80, 


80, 


% > 





80, |. 2.20 





‘the gauge in. the: wheelpit, 


* ' i 


Nove, ‘Tho top of tho woir is tho zero’ polti 


* 
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JRIGUES OF TNE WATER ABOVE "TR WH RY THE WOOK WAT 
Observed ty Mis Danicd Maoffaly. 
sgt) Th ' are el, 
‘Limo, Holgi, Tino fe ahs tT ne Me ght 
* wih, en ora pc We | min, re ao 
1.8710 Lavo | 5, I, a, 1.8750 
taro L700 i ain, 1B725 
1.8720 L.8720 0 whe 1.8794 
1.8790 1,8720 fi, ly La726 
1.8715 L87id vi 2, L87u0 
L8715 LAT LG "OH ] dt, | LATS 
1.8706, Ue ae 
Nor ‘Tho advo of tho hook gauge wae 0,002 foot deluw the top of thy wor, 
hg DIRECTION OF TUE WATER LEAVING CUG WILK. 
Observed! at the vane indoor by Mr. John O. Woodward. 
cmon icltrins ee seein eee aie eS” ak 
Tho, Direation, ‘Tmo, 
ae ee wi 100, _| dog. mln TL [muh (roe, ; 
1d | 6% 0 1O2) OF Bl be th 
80. | 80. | 80, 80, 
| oe | BB 5B.) 0. 6, 
s 80. | 57.) 0. an, 
‘ 59. 60} 0. a 
80, | 6X} 0, fo, 
be} 0 S24 0, R, 
80, {60,) 0, 
Nowa When the vano pointod in tho direction of the radiua of the wheel, the renling” of the 


index. was 90° 


“ 


0° was in tho divoolion of the motion af’ the whook 


50. Previously to the commencement of the experimoula, the appuratus for 
eth cat 
: siding the useful effect was carefully adjusted, ‘Tho boll crank wae balanced’ 


whit’ thiove Avero no weights in tho scale For 


this purpese the link J, figure 


8, plate IV, wos tomoved, and the chamber of tho hydrate veyulmtor Med with 
water ;—swoights wbbe thon applicd 40 tho top of tho bell munk, near tho end 
to which tho lijdvaulic tegulatoy’ tas ottadhed, imtil the whole was in oquilibrinn; 


the final adjuabmoribe wos, mnie}, by plaoing a 


Y 


weight of about two pounda ab 


te axtromity of one’ of “thé heilzottel mms of the bell orank,—the arm was 
rotiitist, horizontally until o aigritil wae given, when ib wna loft dt liberty to 
, Aesodiid; tnd tho time ovcupiétl’ in dosbending n corlain distance was notad ;— 


*.h hag. ” » 
the weighit+was then removed to tho Sxtromily of the other arm, and the samo 
process tépedied, Tho balance weighis wore alicrad until the timca of” descent 


® 


gt 
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wore equal, To overcome, as inch as possible, the friction of the fulcrum, the 
pin forming ib was lubricated with sperm oil, and, during tho descent, the head 
of the pin was struck lightly and rapidly with a small hammer. 

After tho bell crank was satisfactorily balanced, the link J was reattached, 
end the brake adjusted, by means of the screw which. formed the connection 
betwoon the link and the brake, It was adjusted so thal a lino upon the brake 
was perpendicular’ to tho axis of the link, when the horizontal arm of tho bell 
crank was horizontal, ‘he Iongth of tho brake was then moasured upon this lino. 


The length of the brake as thus measured was found to bo . . 9.745 foot. 
Tho offective length of the vertical arm of tho boll crank was “600 « 
And tho effective length of the horivontal arm to which the 

fonle was hung, was... . 1... 4 ye oe ew s 6000 & 
Consoquontly, tho oflective length of tho bask was ee oe == 10,827778 « 





61, Tho gauges in the forcbay, and in the wheolpit, wore carofully ndjusted 
hy lovelling from tho top of tho woir, ‘This was réponted by different peisons, 
80 aa lo vomovo nll chanao of error. 

52 The hook gaugo was compared wilh the weir, by a different method, 
When tho regulating gato of the turbine was shut down as tight as possible, it 
wos alill found that a quantity of walor leaked into the wheolpit, excecding, a 
Hullo, the quantity that leaked out of tho whoelpit, so that o small quantity con- 
tinued to rum over the weir, Tho principal leak into tho wheelpit was between 
tho vogulating gato and the lowor curb, tho loathor packing not being porfocily 
adjusted, The hook gango was firmly attached to o post, placed in tho wheolpit 
for that purpose, and at a height known to bo nearly corpect Tho regulating 
gato was closed, and afler, tho water had arrived at a uniform aiate, tho height 
of the water al tho hook gaugo was notod, and, ab tho sama time, the depths of 
tho walor on the woir were measured dirootly with a graduated rule To pox 
form, this accurately, a board, about four inches long, was held by an Assistant on 
tho ores of the weir, ab tho place whero il was intended to moasure the depth; 
-—-tho author than applied tho rulo, proviously woll dried, vertically, on the top 
of the weir, in front of tho board. On first immorsing the rulo, the water in 
contact with it did not stand at the truo Jevol’ of tho surface, but ‘fotinod a liltle 
hollow atound the rule; it immediately commoncod rising, however, and aller 
fow momerits come to a level, which ‘was indicated by tho rofldetion of a light 
from tho surficc, a lamp being hold by an assistant, in a propor position, for that : 


purpose, on » 
’ . 
* 
‘ ’ A 
e 
a 
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* . . £ ' ; 2 % u 1 ' . Se y 
The depths on the weir, taken in the marmer. jusé dexeribed, Febrmry 20uh, 


1851, wero as follows. < 


pe en seen ce tain ta 


i No she on “the onaterly 
Dey of iy von May of Uie wolr, 
Inehoa. _Inghon 


0.36.00 















0,0806 





Or.in feat 


: Whilé the hsighta ‘given in’ tho precoding ‘tablo were boing menanred, the 
<- depth by the: hook: gauge. was constantly 0.0818 “foot ; consequently, hy thia com- 
spiavizon tho: vero of the. hook gaugo was 0.0012 foot bolow tho moan height of 
the: top’ of tho weit, in tho. wostotly bay, and 0.0018 foot below the monn hoight 
in. tho. oastarly bay, or 0.0018 foot below tha monn hoight in both baya A 
similar comperison wos mado February 220, 1861, whon ithe voro of -the hook 
gouge was found. to ho 0.0024 feot below tho monn *hoight of the wolr. Tho 
moan of: tho. two: dorhpotisons, or 0,0090 was adoptad. ax the correction to he pub« 
“brnoted ‘a the roading of the hook gouge, to‘give the mean dopth upon the 










ABB. Dosing: the ‘oxporiients, the levels of tho water in the npper and lower 
canals, Wore - maintained nearly uniform Tho height of tho lower canal, o at the 
“place ‘whore. the water, possing..the woir, fell into it, varied a. little, depending 

por the’ quantity: of water discharged by. tho wheel. Tt waa highest: when the 

wheel ivas running with the regulating gate fully xnisod, and the brake romovod ; 
»cunder. these civeumstdncos the aurfice of thé water was from 0.3 fect to 0.4 lvot 
the. top of the weit, In tho othor oxporimenta with the regulating ate 
,, the, full from, the, top of the woir to tho aurfieo of tho water in 
Tho brackets A and: the’ plunks 
yor. ‘nol put. on. 1 unl aor oi turbing epee wore 










on ies weir, lth 101) that the obstruction, 
ppreciable, whioh ‘vondoré it certain that the 
ting the flow ‘over, the, Weir, must Hove beon 
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DESCRIPTION OF TABLE IL, CONTAINING THR EXPERIMENTS UPON THE TURDING AT THE 
ce “TREMONT MILLS. 


64, The data obtained by. direct observation, and: tho results deduced from * 
them by calculation, are. arranged tog’ether, for donvenience of reference, in table II, 

Tho columns numbered 1, 2, and 8,-require no further explanations, than are 
contained in the several headings, 

5B, Conuan.4, Height of the regulating gale, The three first spain were 
made . under .civouristances identical in every thing, except that.the height of the 
regule ng. goto -was varied a little, for the purpose of ascertaining the hoight piv- 
maximum. coefficient of effect. The moan height. between the crowns of : 
del, at. the inner edges of the buckets, was 0.0848 fect, or 11.2416 inches} 
thes otinvature of the diso and ‘Rornituve, however,”  ib-necessary:. to; etoiag © ‘the 
“gate rathor more than this,in order to.prosent:, tlio tnost favorable aperture: By' 
“a ccomparison..of the first thie, experiments, it apponis’ thet the most ‘fuvorable veault. 
was. obtained, with, the gate raiged to a-height of 11,50. inches, or a. little less; 
‘the succeeding experiments, ‘numbered from 4 to 60, inolusive,- were. made. with the 
regulating. gate raised to.the full height, or to 11.60 inches, nearly.” A comparison 
of tho first three experiments avill show that’ there :could:.be no appreciable: differ- 
ence in the rosuilts, that could:-be attributed, to the small’ differences in the heights 
of thé, gate, in the oxperiments.numbored trom 4.to 50, inclusive; and they are — 
acoordingly all classed togethers experiments with a full ae the spinal, a 
ference in the heights being eooidental... 

The .. experiments numbered from 51. to 64, dualadves were. mode swith the 
gato raised 8,55 inchos,-or three-fourths of. the ‘fall height, nearly, Those, num- 
bered fom; 66 to. 76, inclustve,:avere. made with. the ‘gate at very” nemly half of. - 
tho full height. © ‘Those mimbered from 77 to 79,. inclusive, were mado: with tho 
-gate:at about’ seven cighths of sthe. full height. -. Those numbered from 80 to 80, 
 dnolusive, swere made with: the gate .at about’ one fourth: of its full height, find 
"the lagt three experiments were made with the gate.raised one inch, au 
ae BB ay: eo Dime, ihe ete entered one the heads baginniy 





























indicate. tho. times. Jat which 4 ie hell, <taghed: to: sha? counter, was@struck, which, 

by a cortparigon. ‘of..the various note-books,.. -appeared,.-by the: regularity of the 

observations, to be. the mo Syianle for me comhy merit, and: termination of the : 
. experiment. : ; tae 












26 é EXPERIMENTS UPON THE TREMONT ‘TURBINE, 
BY. Cotumw 6, Duration of the experiment, is obtuined by taking the differences 
of the times. of the beginning, and onding of the experinent, as given in column &, 
oes 58... Conuan 7%. - Lotad number of revolutions of the wheed during the experinent, “Via 
4s obtained from the note-book‘ of the “speed of the wheel)” by counting the 
“\Gyumber: of observations of the times at which the bell was struck; thia muuber, 
less’ one, multiplied by 60, which is the number of revolutions of the wheel to 
each stroke of the-bell, gives the number of revolutions -duriug the oxperiment, 
" §9.. Conuma 8. “Nunber. of revolutions of tho wheel per second, ix obtained by 
dividing the total: number of revolutions of the wheel, by tho duration of the 
experiment, , 
60... Commun. 9.» The weight tn the geal, voquives no explanation. 
“61° Conumn 10, Useful effect, or the friction of the brake, in pounds avoirdupeis, 
ng.foot per second. ‘Chis is obtained by multiplying together the weight in 
Sgonlé; and. the velocity that the point of application. of ‘the weight, tends to 
talk, Ox, in other words, the product of the weight into tho: velocity that tho 
__ Weight. would actually take,-if, for on infinitely short timo, the brake, and the 
apparatus oomnaghing, it with tho. woight, were rigidly connectod with tho friction 
pulley. oe i 
The effective. leith of tho brake, including the fovernga due to the different 
i he’. 0f, the arms of the ‘bell crank, was. 10,827778° feat (art, 60). . The: ois 
fife noe of a clrole of. this radius is 68,0829 fect This civeumferonce ia o 
constant: fokall’ tho experinents in whigh wmy useful cffoch waa produced, and 
colomia 10. was obtained “by, the product of this constant, the weight, an& the 
number. of revolutions of the whol -por sccond. Tho computation waa performed 
~ by “logarithms, and if: the yesulte given in the tobles should be vorifled by actual 
“<tnultiplications,. minute differences. would, no doubt; be detected. o 
Convans 11 and.12. Heights of tho wator tn the forvbay and tn the wheelpit, 
hts .aro he res to the top of the weir, conaaquantly, the differences 
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‘the Sia of the water 
in the, forchuy ;—~ in oxpari- 
—in oxporiment. 80, which 
quantity:-of water discharged: by the 
iment. 27, or 28 Wo may, therefore, 
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conclude, that when tho regulating gate was fully vaised, and the -whoel: rumning 

with tho volocity giving the maximum opefficient of effect, the . fall. acting “upon, 

the’ wheel being 12.903 fect, the loss of ie from: the forebay to tho ventilating 

pipe, was very nearly 0.10 feet. 

64 Conumn 14, Depth’ of water on: the weir, . Tho depths 0 on the weir were 

‘obsewved with the hook gauge, described at art. 45, u 
66. Conv 16, Quantity. of ‘water cra the weir, These eae have: been 


Q = 8.38 (7— 0.1 aaah 














in which 


otal length of the weir,’ in. fect, 
number of end: contractions in the, weir. 
== The ae onthe weir, in feat 


pt this” piers 80 different * ‘from * any’ Cat tp ‘beer used iether 
-suibjeot is fully considered in’ another part of this work. 

A small. quantity of water “entered the wheelpit without passing doug thie: 
whol ; there was also 4 amall “quantity that: leaked “out ‘by passing through'the floor 


of the whoelpit; the Intter” “quantity, when the depth on the weir. was 0-496 feet, ~ 


“was ostimated ab 0.409 oubio’ foot Bor’ socopd} “soo ait, 180, As. these quantities 
were vory iminute, and tendatl “to” ‘componsate” éach other, they have been’ negleated, 
ard the quantity computed as passing’ the woiris at for the: i ce ‘disthaiged 
hy the wheel, 
66, Conv 16. Zotal power of the water. This elaine obtnisted “by milf 
plying’ togettier the total full doting upon thé wheel, the quantity of water passing 
“the welr pot socond, ‘and ‘the weight of a cube foot of water. | ‘The temperature _ 
,of the water was constantly ait 82° Mahrenheit, it: was nearly: pure, and the pe 
or v oublo fot was tile tt, 62 arb posiod erointup 














a rable depth ; 
: i ove 80 _ 
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28 EXPERIMENTS UPON TIE TREMONT TURLENE, 


svas covered with a solid conting of ice, with scarcely an opening ‘i the whole 
distance. When tho viver is thus frozen, the «water (lows ulong under the ive, 
Ghtirely froe from floating pariicles of ice, even in the must revere wouthen 

‘Ag the author had frequently folt the want of a table of the absolute woights 
of a oubio foot of water at different temporaturcs, he, several yenra since, com 
puted the following table. 

In the Bneyclopedia Britannica, seventh edition, vol. 21, pngo 816, ia given the 
following extract from the British act of Parliamont, establishing tho standards for 
weights and nicasures, 

“Provided always, and be it onacted, that in all cases of dispulo rospecting the 
correctness of any measure of capacity, arising in a place whore recouree cannot 
convenicntly be had to any of tho aforesaid verified copies or modela of the 
statiddrd measures of capacity, it shall and may bo lawf, to and for, any justico 
of the pence, or magistralo, having jurisdiction in such place, to oacortain the cane ° 
tent of such monsuro of capacity by direct refoyence to the weight of pure or 
rain watur which such moasure is caprblo of containing; ttm pounde avoirdupoia 
weight of such water, at the temporaturo of 62° by Fahronheit's thermomeler, being 
tho" stahdard gallon’ agoertaino | by this acl, tho same being in bulk equal to 

277.246; 1822 (1828, 277.274) 'oubio inches, and so in proportion,” ete, 277.274 
oulifé fghes was talton, as it appenred to bo tho Iatest. determination. 

Tn tho first volume of the Zhaile de Chimie, by J. J Berseliua, second French 
edition, Paris, 1848, thate i8 given a table of the apocifle gravilioa of pure water, at 
different tomperatures of tho contigrado scale, deducod from Ilnelletroom'a experi 
ments, + 4 « 

From theso tivo authoritios weve derived the date for the following table, 
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TABLE I. 


WEIGNY OF A CUBIO FOOT OF PURE WATER AT DINVERENT TEMPERATURES. 











a ee cc nem | We 
Jounoratre wi tin ain ofp Porpornta Weg tn ols nly, ofa, Tomporatiro, Welt iat Ina af Cy 
An dogrioa of |o sip foot f pure ros of ure | in Alomar of quble bute ¥ 
Yainanholte ue Vounds Zubetls vain Pounds | ¥ahrenhel wator, ot 
thurniguiotar. __bvolnlapola rte aineometor |_Avatrdunotés 
ao | «62.875 69 62.278 
is 62.877 70 62.272 
4 62.878 7 62,264 
8 62.379 2 62.257 
‘| 86 62.880 78 62.240 
87 62.881 74, 62.242 
"88 62,881 75 02.284 
89 many} 82.882 16 62.225 
89,88 62,982 7 82.217 
40 62,882 78 62,208 
4 62.881 vb) 62,100 
42 02.881 80 62.100 
48 g| 02.880 8L O21BL 2413 
4h 62.879 88 ' 02.179“ ]% 
45 02.878 83 62.162 
46 02.876 84 62.152 
47 62.875 85 * 62,142 
48 + 2,878 86 62.182 
02.871 02.285 





67. Conmn 17. Ratio of the uncful gffoot to the power expended. This column is 
obtained by dividing the numbors in column 10 by those in column 16. 

68. Corum 18, Velooity due to the fall acting upon the wheol The nughoys in 
this column have boon caloulated by the formula nat 


ro 


vo gh 


Vz tho volocity in foot por second. 
g = tho velooliy acquired by a body iat tho end of the first secorid of its fall 
in a vaouam. 


As tho fall acting upon tho wheel; this is given in column 18. 4, 
Jnefs 


The value of g has been calculated by the formula given in tho feoond 
edition of ae Traité D’Lydveutique, by D'Aubuisson, pago 6, vinr— —,» i oe 
bob ‘g == 9" 8051 (1— 0.000284 aos, 27) (2 a 
Ibeing the latitude of the place; «, its clevation cia atho lévol of tho sen; 
and 7, tho taditis ofthe terrestrial spheroid, at the 1e¥e] ofthe: sen, and at the place ;- 


{ 7 =x 6868407" (1 -4-0.00104 Goh 22) }, 


80° EXPERIMENTS UroN THE TREMONT ‘TURBINE, 


Tho latitude of Lowell, ag given in tho American Almiunne, in $US, BH, At, 


and the height above the soa is known to be about 26 metves, With thesu “dluta, 
the above formule gives, in feet, : 
eee y= 82.1618, 


69.. Corum 19. Velocity of the tulerion - pountweel of the wheel, The dimustey 

‘of the circle inscribing’ the inner edges of tho buckets, ia 6.76 feet; seo art. 86, 
"Consequently the interior civeumferonco of the wheel is 21.20876 fwwt, ‘The product 

of this number into the number of rovolutions per peona, given in column 8, 
_ gives the numberg in column 19,“ * 
70, Corvin 20, Ratto of the velocity of the tnlerion circumference of’ the wheel, to 
to the fall acting on the whee, ..'Thia column is obtained hy dividing 
avin column LQ by the corresponding numbers in column 18 This 
‘coli indjontes the ‘relative velocities of tho wheel,'in the different exporimonte, 
olitninatod: ‘from: tho effects of the variations in’ the “fll ‘acting upon the wheel, 
“Te Comin 21. Quantity of water which paseed the wheal, reduced: to a uniform 
Still: of thirteen fect Tho puabore in this column sre obtained from thoso in col. 
tt 16, ithe following manner >: * 















the observed fall acting upon the wheel, 

=xthe observed quantity. 

== the , quan ty that would have passed the wheel, if the fall had ‘been 
‘Thos, instead of Ji, all othor civoumstances being: the. ‘or : 











. 8'-thé qiiantity. ‘of water - dhseharged by the wheel, all other iige ‘being 
quia wil vay as the equine root of the fall acting updn the wheel, wo have 


Vt Qu vit: Q, 
g=oVh. 






thoret 


snto, the ok quantitios 
ate ont the offeots 










fy nes of: abian, 20: bi "03, that the 
Bate: is: fully: raised, diminishes regue 
ged is minimum in experiment 42, 








’ 





; Bs a portion of tho’ height of the vane, was exposed: to irregular eunvents, Ww 
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in which the whool ‘had the least Helo?) ii experiments 43 and 44, however, 
in which. the wheel was prevented from revolving, by screwing tip tho ‘brake, the 
quantity . dischargod was considerably above the uiirtimum,: ‘Whether. this is duo 
to an accidental position of the buckéts relative to, the guides, presenting’ -aper- 
tures more favorable to the dischatge than the average of all positions, or wee 
it is-due to. some moré -gonaral cause, the ‘author. is not aware, 

78. Conumn 28.° Direotion of the. water leaving the wheel, as indioated ly the vane, 
The angles given. iy. this column show the position. of tho vane, relative to a line. 


passing through the, axis, of the vane, ahd parallel to a tangent drawn through...’ 


the: ciroumference of the wheel, nearest to. the axis of the vane, 
-diveotion ofthe, motion,. of the wheel. Tho apparatus ‘with 
[és were talon, is ‘Aesoribed ‘at art. 43... In the experiments made: 
vas fully raised, ‘ornely .so, the vane opérated satisfrotorily ; but: 
ght of thie gato was diminished, ‘the indications of the vane ‘became 
aertain, ~The vans: was: of. nenily, the same height as. tho orifte 
¢ 1 olvevimferencs -.of . the, Wheel" this. was. very suitable for the expe 
With ‘the gate fully raised,” but in the’ experiments with the: gato partially. “ 

h 


the point i 



















ich 
probably intorfored seriously with its: operation. - The observations. made with the 
vine inthe experiments in which’ thé gate waa _ pirtially raised, are much less 
to bo yolied on than those made when the gate was filly qued the value of 


tho indications being, in somo “degre 

“Th Conmmn 24... Mean elevation pointer on tho bell orank, 
in this column indicat the: mean’ :positions of the bell. prank i 
ments, in. reforenco toa gauge placed 6.5. foot, ftom , /the.’ J 
drank. Tt will ba~ seen by tho table that’ the, monn “positions: 
“from tho horizontal; the pointer was however Henorally " “little pelow, which 
indicates: that: thos. welght. waa gonovally. lifted:sa little too high.. 

The play. of the ‘biwle was confined betweex two fixed stops, placed so that: 
when: tho: heges niood at 0:20 ‘foot ‘below the nae ‘the brake catrack, i 
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val: 
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ry a 8 4 b 6 
Temperature of TRAM 
the ntmozplere In 
No. a ed i Rl 
of the DATE, thormometer, | of the of tha 
experts : ars vogulat>| Begining of the Endlng of thy 4 xpwrl: 
ment nu. external Inggnte,} — Sxperhuvents exportawnt. ment, 
at wh WRC eR remem | Ht muri 
shales Wb [auin.| 609. Hers, 
1} Pebrany 17%, pat. | 81.00} 41.00) (1.50) 2} 49) Buu) Wb} FaHG0 
a{ ow * «’ # | 29,00] 36,75] 11.00] 2) a7] B00) YLT) GLG,7h 
8 «, « @ | 80,261 86,25] 11.43; 9] 56} 2600 41,60) 616,40 
4 “ & & | 99,00) 35.25} 11.d0} 8} 28) 24.00) 8.50) 311,50 
5 « « « | 2950 ado] « | 8] 20) 8.50) 18,00; 449.50 
6 «  « 6 199,75) 96.26} « | Bl 87] 18.00 AR78| ATH 
7 # © -& | 99,50) 35.50) « | 8} dB} 18,00 82.00) (34.00 
gi. « « « {99.961 B50} « | d| df 98,00 40.50] 805,50 
9 « & & | 99,95) BAGO © | dg} LOL L976 41,00) 821,25 
10 a «| 99,00} sino) © | 4} 18] 41,00 TB 600,50) 
11 «  « « 1 9goo aizat «© 1 al etl 6100 A125] OBR 
19 «  « « | gasol asool « | al a) 10.80 Aion} sen 
18} February 18, Avan 86,75) © | 0) dap Ba 58.00) 512,40 
ld {> « " «| gg78l sagt « | 9} dal aon 72h! OLE 
1b « « & | Bdgn) 375] « | 9] Bt] 7.28 50) BUT 
16 # © & | 94,00; 80.50) © | 10} 12) 2700 BTQH} Abhi 
17 “« “| 88.75) 8.50 | 10! 20] 18,00 23.80) GLO) 
18 «  & « | 34,00} 86.50) © | Lo} at} 64,00 Bab) awh 
19 K “4 $4.75) 86,75) LO} a9) b2.00 On) h9G,00 
20 |. « « « | geod acoul * | ta] tol Teo Bast HART 
21 « « « | 3,60] acco} | a1] gal pans LOU) GODTh 
22 ® we | 85,501 BO78} © | 72] aa} Lenn avo} 838,00} 
23 | February 18, reat} 41.00] BO26} | a aul Onan 14,00) G61.40 
a4] « " «a | 39.75) Ba75] & | Ql di! s0t0 51,001 660.50 
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26 « a « | 9g7a Baad 6 | Blea zd GH,20) 28.78 
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ae] «© « & | ggi7a| 85.00} « | 10] Bf 85,00 49.78] O14.75 
34, ww |) 86.25) 83.50] | 10) 87] 80,60 8.26) 697.75 
35 iS #  & } 9800! 88,75) Tad gl Btu 22.95) 0738.76 
Bj « « MH | dLoo} a75] « | 11] 28] 88,25 26.00] GU7.75 
87} «& & & J arsol aoool « | Tuas} 60.00 15.50} 619,80 
88 | February 20, reat, « | "9t got 89,80 69,50} 540,00 
Bf 49.26) 85251 | Bl 85) 11.00 48.80} 95.80 
so} * & w | anzs] a675) « | af a1} 50.50 16.80} 500,00) 
AL] | Atel B6s78) «| 8) ds} 27.50 25,00] 657.50) 
< «  # «| 41.60; 86:00) * | dl 9} 29,00 Ay.6O] 85050 
dd et Siete , Hi ; q f 80.00} 90,00 
45 | February 21, A... 86.25) 85.50) OF 22) 87.50 pet fara 
4p} 8" el B6.25 85.751 © 1 of 88] 8.00 Lon} 601.00 
4a « ww « | gaoal ac75) « | tol | ag.75 1.00 oinae 
48{ « « & | 8675! aco5| « | 10] a5} 88.60 Beal ona7s 
49} «+ & «& } seo! sco; « | tof Sol 83.0 al eve 
Fs ie, cas Capea neon 50) 85.00 U75l 606,75) 
178, 80,251 SS} 14} 54.00 Ad.95} 050.25 
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TREMONT MILLS, IN LOWELL, MASSACHUSETTS, 


IL | 12 
Malght | Hulghe 
ol of thu | of tha 
wnter 
No. | veator | inher 
of the latiave tho} Dnsalne! 
lel whival the 
asporle by duel, 
mont. taken dn] taken 
the tn the 
forwhay, “at Z 
Th fowt. | in foot 


1 /15,082] 2,218 
2 \1ioTol220 
8 } 16.087] 2.218 
4 | 15,080] 2,489) 
® ) 15.0421 2,481 
6 115.061} 2.808 
7 116,001) 2.968 
8 | 15.000} 2.8.19) 
9 113,080] 2.812 
10 118.109) 2.802 
Mt 15,100} 2.281 
12 118,028) 
{8 }15,071} 2.661 
Vek 1.120) 2.264 
15 |14.117/ 2.229) 
16 15,116) 2.226 
U7 16.128) 2.289 
18 (15.111) 2281 
19 JIRA 2.231 
20 | th LL] 2228 
QL | 15128) 2.224 
28 [15.128] 2.224 


29 [TANGA] 25 80LT 24 20 
12.008] 1.8778 
L8775}1.99,029.1 


24} 16.124] 2.219 
BG [151 LAR 
26 116.102} 2.209 
‘Q7 FLAT 6 2214 
QR VLU 220 
QU LGU 1B e219 
BO AN 20d! 
BL | LOR 2H 
AQ PLA LL R204 
88 [TEU 2200 
BO 11520] 2.148 
Um ROR L Patel 
86 115.128] 20 Bil 
87 [UAL R77 
88 15,080) 2.536 
BO 114,148) 2.180 
40 |16.186) 2.168} 
dt |1i,(86) 2.169) 
42 110.198) 2.188 
48 115.116) 2.919) 
44 115,006) 2.822) 
46 |Lh012 2541 
40 | LALSG 2.203; 
47 }15.194/ 2.202 
AB [15 L12' 2104 
49 116.144) 2,108) 
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Yotnt 
ful 
aoulng 
upon. the) 
wheel, 
In feet, 


12.861 
12.800 
12,800 


12.058 


12,720 
12.777 
12.800 
12.819 


12,850 
12,888 
{2.890 


12,880) 
12.885 
12.886 
12.BD) 
12.898) 


12,899 
12.808 
12,002 
12,006 
12,906 
12,903) 
12.489) 
12.014 
12.084 
Ladd] 
12,089; 
12044 
12,940 
12,500 
12,068 
12.978 
12.077 


12,774) 
12.471 
12.044 


12.951 





5O 115.144 2.192 





12,052 


12.696)1.9784 
LO536] 147.2049) 


12.510) 2.0089 


12,890) 1.8989; 
£8908} 140.4057, 
L,8878] 140.0848) 


12,0414) 1.8252 
12.797/1.8160 


12,082}1.8726 
12.948] 1.8728) 


Lal 


Depth of 


water [whieh pasxet 


on the 
wolr, 
In teat, 


1.8811 
L881i 


1.8816) 139.1676) 
12,584} 2.0888 
12,611/2.0180 


1.9989) 


L420 
1.9815 
1.9226 


1,9008; 
19054 
1.0048} 


1.8866) 
L8ahg 
LBKY4 
2.0884 


1.8760 
1.8758 
1.8700) 
1.8727 
1.8007 
2,089) 
18704) 


LB701}158,2085 


1.8687 
1.8052 
J.869 
1.8412 
2.0884 
1,848 
18980 
1.8282; 


1.8457 
2.0864 
1.8787 


1.8714 
1.8694 





1801200) 


165 
Quenttty 
of water 


tho wolt, In 
ouble foot 
por Kecond 


189.4206 


160.6470) 
164.8891 
L62,2089) 
149.4059) 


16 


Total poor 


lof tho water! 


Jn pounda 

nvolvdupots 

salad one 
funt per 
secon, 


111870.0) 


LU1888,2 


L11951,2 


122668.3 
12144d.2 


1201748) 
118868,5; 
LLO864.8; 


146,020.4}116878,2 


Ud.8734 
148.9088 


168.4818) 
1425180) 
142.0489) 
(41.9762 
L41.2762 


{40,0060 
189,9040) 
139.6078 
LGL.6944 
189.0070 


188.7601 
L8R.BARD 
188.8711 
1885134 
188.1892! 
162.8288 
188.2608) 


188.0800 
197.7076 
1904917 
1a6.f415) 
1610044 
186,8428 
184.7976 
(88.7598 
183.4850 
185.0596 
185.0205 
162.0287 
188.0244 
198.5029 
198.1000 
138,5692 
198.1559 





(15667.0 
115067.8 


1276597.8) 
1142842) 
LLA187.1 
114150,8) 
118640,9. 
112848,8) 


112668,7 


112582.8 
112508,8 
1128648) 
125856.0; 


1118085) 


1118504 
1115910) 
111740.8 
111702.9 
L11604.9 
VLBA 
126060.2 
1118840 
T1Lb21.1 
111468,0) 
411189,7 
110200,9 
109077.1 
1260714 
1004884 
109077.0 
1082668 
107764.7 
108280.4 
108059.4 
1260848 
112009.8 
111720.6 
111882,0 
W17772 
11 1618.5 











iy | 18 


Volootty 
duo to the 
fall auting 

on tha 
wheel, in. 
feet por 
focond, 


Ratlo 

of the 

‘usofl 
effect to 
the power 
exponded, 


0,78449128,7056 
0.78800)28,7611 
0.78978] 28.712 
0.27187|28,4160 
0.85318} 28.4818 
0.48005|28.5287 
0,50720128,577 1 
0.57190] 28,041 
0,02228]28,6681 
0.06704|28,0080 
0.70850}28.7152 
0. —__ [28,8670 
0.71751 28.7506) 
0,74987]28.7994 
0.7501498.7946 
0.76008] 28,8018 
0,774421 98,7888 
0.77020| 98.7808 
0.78040|28,7002 
0.78147) 28,8047) 
0,78884| 28,8086 
0. 28,2750) 
0.78876|28,81 14 
0.78810| 28.8047 
0,78611/28.7080 
0.78997] 28,8080) 
0.78084] 28,8125 
0,702251 28,8126 
0.79875] 28,8002 
0. — [2a.s009 
0,79204/ 28,8995 
0.70243] 28,8437 
0.78008 28,8515 
0.78810) 98,8108 
0.77916] 28,8549) 
0.76978] 28,850-4 
0 198.8507 
0.70886] 28,8761 
0,76277| 28,8872 
0.72499] 98,8014 
0,07887| 28,8508 
0, {28.8906 


0. 28,0648) 0. 
0. 28.8228 
0.70104] 28.8660 
0.70097] 28.8415 
0.78004) 28,8598 
0.78859] 28,8627, 
0,787 28} 28.8688) 


19 


‘Yolority 


olreumst neg, 
of tho 

Wheel, in 
feat por 
Rocond. 


18.0525 


18.0491 
33,8558 
82.4009 
30,9921 
29.9107 
277608 
20.4041 
25,1208 
28.8602 
87.8886 
87.8819 


21.7090 
21.1940) 
20.5681 
20,0400 


19.8219 
10.1278) 
19,0248 
87.7662) 


18.7602 
18,5527 
18.6616 


87.0521 


U5.7871 
17819 
18.6023) 
87.8074 
(8.7208 
12.7285 
11,2882 
9.6802 
0. 


87.8168 
17.6447 


16.7804 














20 
Ratlo 


volocity of 
of the to interior 
intertor fefreumfncel 


of tre 
wheel to 
the 

‘voloults 
duo to tho 
full nating 
on tha 
wheel, 


O.0HHKG 


18.9107] 0.05761 


0.65801 
1.19188 
1.14078 
L08086 
102588) 
0.97067 
0,92 LOZ! 
0.87546 
0.89098 


1.88866 


22.6859]0.78716 


0.75898} 
0.78604) 
O74 
0.09626) 


19.560.1}0,67979 


0.67118 
0.06405 
0.66048 
1.88567, 


18.91 68) 0.65657 


0.66150 
0.04424 
0.64779 


18.514 1/0.64257 
18.878210,68708 
18.0474)0,02045) 


1.88686 


17.7830/0,6L52h 
17,2476) 0.59706 
10.0284!0.57024 


0.84549 
0.61055 
0.47459) 
L88544 
OATH LE 
0.440465 
0.89071 
0.88870 


0. 
1.39621 
0.61126 


17,8179]0,60045 
17.0827; 0.59020 


0.57097 


16.8058/0,60492 


RL 


Qunntlty of 
wator whieh 
passed tho 


walform fall 
aC £8 feats 10 








wheel, jAuantity hy 
reduced to ajoolunm 22)" 13 
tothe [indicated 


enblo feat fatantity inj 
por second, |experimont 
20, 


140.1657) 1.01044 
140.1775) 1.01060) 
140.1756) 1.01058 
169.4053) 1.14922 
156.7522) 1,18000 
Vid 8d2) 111271 
151,2442)1,09088 
148.0000) 1.07988 
47.289 1] £00187 
146.0000) 1.06268 
144.021 211.04480 


166,0015/1,20110 
148,9.110/ 1.0882 1 
142.0502) 
142.5808) 1.02799] 
41,8448} 1.02269) 
141,11 86) 1.01788} 
140.7102) 1.01450) 
140,624.06) 1.01889) 
140.4507] 1.01257 
140.2190) 1.01090 
165.8660) 1.10220 
189.5177] 1.00584 
180,672411,00628 
189,887) 1,00452) 
189.8762}1,00481 
189.878011,00489; 
189.0169) 1.00228 
188.707 611,00000; 
105.2858) 1,191.01 
(88,7211; 1.00010 
188.6858) 0,009 12 
188.4018] 0.99770 
(88,0818) 0.00518 
186,7866]0,980185 
185.d6405)0,07 656 
164.8960) 1.18881 
185.595410,07718 
184.0878] 0.07282 
188.8728) 0.90514) 
188.7007}0,96800 
186.7208} 0.98671. 
190.8150) 0.98085 
165.4245}1.19261 
188.8708) 1.00117] 
188.8660] 1.00114) 
188.7468) 1.00028, 
188.6807) 0.99946 


188.4117! 0.00787] 89| dd 0.010} 


Natlo 


Direction 
oF the) or tho 


retlueoil 


reiliteadt 


2849 








the WJicuby} 


logs {my 


47} 0/-4-0,002 


aa | as 


water 
leaving 


by tha 
aie, 


AT AB 


88 


Rab 


Mean 
oloyation, 
of the 
potnter on 
the bott 
oank,. 


Font. 





i 


47) 28|—0,001 


15] 19} 0,001 
18) 8}-~0,010 
20} 8)--0.018 





29) 49)+1-0,002 


$8)30 


85187}—0.001 
38|20]—~0.001 
41/26)—0,008 
44} 20}--0,001 
46|18}—0.002 
47|26}—~0,005 


48) 26 


49] 28] 0,008 
50{87|--0.004 
51/401 —-0.067 
51] 18|—0.018 
52) 26}-—-0,018 
59) 52|-—~0.017 
58}10|—0.018 


OL bel] QQ0LL 
60) 6)-0,008 
8G) 12]—0.00d 
90) 25}-—0.014 
115] 48)—~0.004 
181 18) 0,018 


190} 51,-~0,010 
180) 457-—0,010 
14725} —-0.005 
—0,015 


60} 62: 0,012 
68) 16; 0.008. 
66) 27| 0.016 
81) 48|—0,007 








221 56|—~0,018 
26|47}—-0,001 


0,004 


0, 





‘ 
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EXPERIMENTS UPON TE TREMONT TURBINE. 85 


LI]. — Cosrixurm, 


TREMONT MILLS, IN LOWELL, MASSACIIUSHTTS, 











Ji; ig] 18 Li is IB Ly 18 19 R20 aL 22 28 Rei 
Iteight | Weight, y Ratio 1 Tatlo 
at'ihe at fa dal Quantity me YORE! atlo Yelnelty Velocity of ti : us pi of tie Meetion Moan 
ity 0: of th 
water | Naor fut |Povtheof} ag wator | tho vata, ara duo to the] of the elncly oe paused tho | reduced wate, elevation 
of thio labeve thal pasalng| f Wat jyvhtely pused} ft pounds fallacting| Jntevlor tuircumfnte! wheel, quantity in] Kashg | of the 
rtef whet, | tho, | aelne weft edrowntnes| of tho Q Ho wheat 
wgnorly we | wet | yun ty] O88 | the welt i wvoledapols | opty | Ne HY rived to [UML to jeotmio ieee 4 potter on 
mout OU TY taken wolt, | oubte oop | Mad ona witeol, 1 | tego fi Bio fruniform tal] to the Findleated | pig pont 
the Jn the whurly frat por {892 pot no whwel, in Neluclis of lG fut, in} revuced f hy the 
foretay, EMT an pats | Inlet | por aocond FEY sepomted, | Ft PEP F fick ea [alu Aetna | cube foot faumnttty hap SMe | eran, 
In toets {yn tote revond. gocond. | seco eg | per second, [oxperimentl 
wheol 0. dog. fm Yeats 











SL | 15,095/2.887) 12,758) 1.0178) 148,881 0] 114060,7) 0.84589) 28,0168) 31.45 18] |, 00802] 14 1.6849] 1,04800] 12} 0|-L-0,.002 
52 15,128) 2.253] 12,878) 18702] 199.2084] 111778,7) 0.59879) 28.7756) 26.0789 0.92696) £34.89 15) 1.00856 17/89}-10,001 
6B 115,184) 2,226) 12,900] 1.8656) 187,75 £8) 110917,6) 0.67462] 28,8150) 24.2191 |0.84023) 188,2365]0,00600] 22]19|-.0.007 
Geb | U5, 13472104) 12,040} 1.8060] 187.7962] 1112 19.8] 0,70802! 28,8504! 22.80 (4! 0.70845] 198,168! 0.99878] 26} 010,018 
G5 | 14,189) 2,189} 12,980} 1.8586) 197.0026) 110664.7] 0,72485]28,86 [ 6] 21,7272) 0.76281 | 197,2608]0.08961] 28156}—0,014 
5G |15,188/2,187] 12,961} 1.8460] 185.6494] 1094046] 0.74499} 28,8627) 20.4557 | 0,70878| 184,799610,97903) 881 5B]—0.016 
“67 [16.148 ae 12,005] 1.8408} 185.0974) 109252.2/ 0.74976} 28.8788] 19.730] 0.08844] 185,2707] 0.07520] 87/47|—0.0 LA 
58 16.144)2,) 68) 12.076) 1.8896) 194.9804] 1087241) 0.75772) 28,8908) 19,0852} 0.00000) 194.4546) 0.96084) 42)48}—0.011 
SO /15,151/%.162] 12,999) 1.8240) 198,301 (1108082,5) 0,7 00.49) 28,01 61/18.8.511] 0.08463] 183,806010,96106) 47; 80|-—0,005 
GQ {15,058) 2,189) 18,014] 1.8186) 182.7944] £07746.9] 0.7 6158) 28,0828) 17.7 26] 0.01219] 182.6080) 0.056d2) 64)87]-—0,00d 
GL 15,155) 2,129) 18.020) 1.8117] [81,9960] 107246,3) 0.76260] 28,04.0 U 17,0566] 0.58922] 181.864210,95066} §0)89|—-0,042 
62 [15,1 62/2122) 18,040] 1.8022) 180,991.38] 106544] 0.70968} 28.96 17) 16,875 1) 0.565411 180,7909}0,942991 741 86)}-—~0.021 
G8 | (6,162) 2.184) 18,028} 1.8018} 180.8982! 1 06366,61 0.75012] 28,048 1 15,0091] 0.51848] 180,7525|0.04268| 04) 4] —0.022 
OL | 15.079] 9,850] 12,720] 1.0742] 149.6470] 118652.1]0. 28,604 1/36.4982] 6.27870] 151.1840] 1.08995 











G5 |14,189) 1.960) £8,070] 1,7] 60} 121,9685]100104.610. 20,1057/ 32.8262) 1.12788) 121.1788) 0.87868) 
GO 115.148) 2,071] 18,077] 1.6829] 118,551 1} 96699,5) 0.8004 6) 29.0028) 28,6564) 0.08806) 118.201 6]0.84216]  0)80}-1-0.001 
67 | 15,160) 2,028] 18,184] 1.6590] 116.0987] 96.112,010,45809) 20,0050] 25.8482 0.88012] LI 4.5050] 0.88272) 80) [0,002 
GM |15.10 1/1, 988) 15,176) 1.6409) 114.2690) 98904.0/ 056502! 20,1128] 22.9997) 0.70008} 118,4942/0,818281 12)92|--0.020 
GO L517 1) L050) 18,216] 1.08091 1.1.2 148) 98840,0; 0.00885} 20,1554) 21,2856) 0.78007] [12.8194] 0.80976 16] f]--0.027 
70 [15,174] 1.920) 18,259) 1.6199} 111.6107] 92188,4/0,68708) 29.1978) 19.5881) 0.670721 110.4502) 0.70628) 21/17)}-—0,006 
TL jLA179) 1.897] $8,282} 1.5050) 109.7180) 90898,8} 0.05228; 20.2299] 17,8844/0,61187] 108,5420)0.78252) 20)56] 0,014 
72 116,183} L872) 18,9 C1] 5795] 108.0452) 89707.1/0,056520) 29.2611} 16.4806) 0.66152 108,7756)0.76979| 89] 2} 40.004 
7 tarde 13,810] 1.5788] 107.9498} 80620,7]0,056 18]29,2600) | 644.57] 0.50205} 106,6848]0.70813) 40/13; —0,029 
Ml | (4,15041,888/ 13,926) 15-41] 105,58 12] 87720,0)0,01127129,27 76) 11.5580) 049707] 104.2858) 0.75147! 69127) --0.028 
vi) (int 1,812) 18,862) 1.6871] 109.8616) 86665.6) 0,61870]20,817 1] 18,068 1]0,44558} [02,4862/0,72850) 05} 0}-—0,024. 
76 {15,185} 1.771] 18.412] 1,508 1 100.8410} 84110,0/0.54757}29.8710) 9,6880;0,82960] 08.9847/0.7 2862] 144156) —-0.029 


=<] 














77 | 15,070) 2,100) 12,88} £8620} 197.8618] 110880.8/ 0.78100) 28,7868) 18.1 24.6}0.02961 | 187,0842/0,90478) 65/52) —~0,097 
78 115,070) 2,185) 12.800) 18588) (86.9694]1 10176,6)0,78875/ 28.8018) 17.422610,604021 187.5206) 0.00144) OA! 0) 0,020 
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86 EXPERIMENLS UPON TUR TREMONT TURBINE 


DESCRIPTION OF TIM) DIAGRAM REPRESENTING THE TXPERIMIENTS, 


78. For the purpose of presenting a general view of Uho experiments, tho 
coeficienta of effect, at different velocities, are plotled al figure J, plate VI, on a 
system of cobrdinales, ‘Tho ratios of the velocities of the interior ebremuforence 
of the wheel, to the velocities duo the fall acting upon the wheel, given in 
column 20, table ID, are takon to represent the velocities; these ratios are here 
called the velocities, and aro takgn on the axix of absvissns A.5 the correspond- 
ing coefficients of effect given in column 17, tablo TL, aro taken upon the axis 
of ordinates AY. . 

76, Tho line CD represents the oxperiments made with the regulating gate 
fully raisod;—to avoid confusion a portion of the experimenta are oniitlerd yo 
the experlnents represented are thoxe numbered fom 4 to 42, inelusive, whieh 
wero made in rogular sequence, with gradually inerensing weight Th will be 
observed in the table of experiments, that several tink were mady with the brake 
entirely removed; thoso were made, generally, alter the wheel lad beon tet for 
some time, for the purpose of seoing if i wes in as good running order i itl 5 
if ony material chango had taken place, ib would have been indionted hy a chinge 
in the velocity of the whoo. 

The experiments thus made, omilling experiment 12, in whieh the height ju 
the whoelpit was not obsorvad, are collvclud together in the following (uhle. 


* 
Tiatlo of tho velootty of the futons ete 

enmmferonea of tha whch ta te votualty 

duo tho fl neting upon tho wheel. n 






Number of tho 
oaporbnont, 





18 1.88806 

23 1.93807 

81 L8d6a5 

88 WN5 

45 LAgayL 
Mens . . | 1.88627 . 
ssn ee ae or OO sd 

* 


The grentost variation in theso velocities ig in oxperimont 18, which ix ha 
part below tho mem; the running condition of tho whool mivst, consequently, 
have been nearly uniform, 

Tn all the experiments with the brake removed, the coofficient of efeat, af 
course, is nothing, and thoy would he represonted on the diagram by pointy on 
the axis of abscissas; for the snke of distinctnoss, only ono of thoxe tied when 
the gaté was at its full height, is represented on the diagram. 
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* 

There is a small irregularity in tho line CD, at numbers 26 and 27; both 
theso oxperiments wore mado wilh the same weight in ihe scale, and under sim- 
ilar circumstances, excopt tat in 26, water was usod to lubricate tho friction 
pulloy, and in 27 oil was used. 

It has been stated, that, with heavy loads, the brake operates much more 
ateadily with oil as a lubricator, than with water, and the change in the lubrica- 
tor nb experiment 27, was made in consequence of the difficulty experienced by 
tho operator, in regulating tho tension of the brake scrows, In experiment 26, 
nearly his whole slrength, applicd 1o tho extremily of a wrench about three foct 
long, was required to move the nuts, whereas, in oxporiment 27, the samo opora- 
tion was performed with great couse. Experiment 26 was of much shorter dure- 
lion than experiment 27, and a portion of the discrepancy may bo due to a 
proportionally less poxfoct observation of tho data in 26, 

The lino @D shows that, with a velocity of tho interior circumference of tho 
whool not less than 44 or more than 75 per cont. of that duo to tho full, the 

“usclul offeol is 75 per cont, or more, of ,tho ‘total power oxpended. Beyond 
theso points, tho chango in the coefficiont of offeot is nearly oqual for equal and 
opposite variulions of speed; thus, the diagram indicates that the coofficient of 
effect is 70 por cont. of tho powor expended, at the velocities 0.860 and 0.884, 


0.436 — 0.360 = 0.076 
0.834 — 0,750 == 0,084, 


Trking the mean of the oxtremo velocities, that is, of 0, when the wheel 
was still, and 1.835, when the brake was romovod, wo have 
‘ HOMES 0.6075. 
which is not fur from the velocity giving the maximum cocfficiont of effect; 
that is lo say, when the gate t fully raised, the cocficient of effect is a maainum 
when the wheel is moving with about half its maximum velocity. 

77. Txperiments 48 and 44 were both made with the gato fully ynised, but 
the wheol at reat, tho brake being screwed up sufficionily tight to provent the 
wheel from revolving;— thoy wore made for the purpose of nscertaining tho total 
offort that could bo exorcised by the wheel. 

By reforenco io column 9, of tho table of experiments, it will be scen that, 
in expovimont 48, the weight sustained was 4213.38 pounds, and in 44, the weight 
was 8946.88 pounds. These experiments were mado undor circumstances nearly . 
idontical, except that in 48, the weight proponderated, and in 44, the power of 


NSS 
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e 


the wheel propondorntod. In 43, tho weight was the lous thal wonld enti Uh 
scale to Jower when the boll erank was placed horizontally, and thon left free; 
on the othor hand, in experiment 44, the weight waa the groatoat thet woul 
allow the scale to be raised under tho arme cirowmstimecs; that ja to aay, ine da 
the weight roprosents the force exercised by tho water against the wheel, yin 
the friction of the ontire apparatus, and in 44, the weight representa the sane 
thing, minus tho friction; the difference of the woights, ar AS LAE QO10.98 az 207 
pounds, represonts double the friction, and the true forea exereisod hy tho water 
against the wheel, is reprosented by tho weight 


’ Spisse ps == 4079.88 pounds, 


This weight acted at a distance from tho centre of tho wheel, equal to tho 
effective length of the brake, or 10,827778 feet (art. 50). 

Tho radius of tho turbine, at tho outer extremities of tho bnekela, ia 4.146 
foot (art, 85), consequently, the equivalent Jorco acting langentiully at the outer 
extremities of the buckats, was 


cmeer tC pile == 10058,1 pounda, 

78, Tho line HF reprosents tho experiments munbered 77, 78, and 70, made 
with the gate raisod 9.96 inches, or abont 87 per cent. of the full height Ry 
a reference to the table of experiments, it will be seen that, although the regu 
Jating gate was lowered 13 per cont, tha quantity of wnter discharged by tho 
wheel was diminished loss than one per conk , 

79. Tho line GAZ vepresonis the oxporiments numherod from 61 to 04, inclu 
sive, made with the gato raise 8.55 inches, or about throe fourths of the full 
height. . 

80, Tho line LK yopresonts the experiments numbered from 68 to 76, inclu 
sive, mado with tho gato ynised 5.05 inches, or nearly a half of the full height. 

81. Tho line ZA represonts tho experiments numbered from 80 to 87, inclu. 
sive, made with tho gato waisod 2.876 inchos, or ono fourth of its full height. 
Experimonis 88 and 89 wero made with the ame height of gato, but with tha 
wheel held fast by the brake; the force oxortod hy the wheel at the distuuce 
10.827778 feet, independent of friction, was 


“asbog | 20h == 1124.66 pounds, 
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82. The line A’O represents the three experiments numbered 90, 91, and 
92, mado wilh the regulating gato raised ono inch. . 

An examination of tho diagram will show that the velocity corresponding to 
the maximum cocfficient of effect, diminishes with the height of the gato, For 
heights not less than one fourth of tho whole height, this diminution is sufficiently 
regular; for heights loss than ono fourth, the experiments are not suflicient to 
indicate the volocity giving the best offect, but tho diminution is evidently more 
yapid than for greater heights of gate. 


a 


PATTI DESCRIBED BY A PARTICLE OF WATER IN PASSING TITROUGH TIM WHEEL, 


88. As in many other problems in hydraulics, resort is hore had to a par- 
ticular hypothesis, which, at best, is only an approximation to the truth, nevarthe- 
loss, iL may be the moans “of throwing some light upon the modo in which tho 
water acts upou the wheel. 

Tho particular hypothesis here assumed is this; every particle of oe contained 
in the wheel, situated at the sane distance from the avis, moves in the same direction relative 
to the radius, and with the same velocity. According 1o this hypothesis, tho successive 
sections in which the same particles of water are found, are in cylindrical surfiees, 
concentric with the wheel. 

Applying this hypothesis to experiment 80, on tho Tremont Turbine, lel us 
BUPPOsO 


Q’ == the moan quantity of water discharged through each aperture of the 
- wheol, in enbie fect per second, 
w == the angulur velocity of the wheel. 
tis= tho vadius of the circle inscribing the inner edges of the buckets, or OA, 
figure 8, plato VI. 
R'sz tho radius 023, 
t= the tine ocoupied by a particle of wator in passing from the section A.D 
to the section 2G or, which is tho samo thing, through tho radial 
distance 2’ 
== tho arca of ABCD, in square fect. 
ac =the mean height, in feet, between the crowns of the Heel, between tho 
sections AD and BC , 


® 


Wo have , 


7 
Alf= the volumo of water contained between the sections AD and BC. 
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4 is the time ocoupied by a particle of water in posing from tho xoetion 
AD to: the section BG and it will evidently bo the time required for the dis 


ek of the volume AZ Wo find ¢ by the proportion 


(IT 
QL Asim 


Tf the wheel was at vest a particle of water at A would arrive at 2 in the 
time 4, but the wheel is moving: with the angular velocity «, therefore the point 
B, in the time 4, will have advanced to 2, and 


& 


BE= Rut ™ qo 


_ consequently, a particle ‘of water at A, instead of boing at J?, at the ond of 
the time ¢ ‘will, have arrived, by some path, ab the. point 2 In thia mune, 
~ by: taking successive values of J’, sufliviontly near to” each other, the entire path 
ofa particle of water, from its entrance into. the wheel, up to the mument of 
its dischange, may bo traced; and as, by tho hypothesis, all the particloa'nt the 
seme distance. from’ the axis move with. the xame velocity, and iu the anne 
relative \ direction, the path of the entire stream, from its entrames inte. the wheel 
to its discharge, will- be determined. 
In experiment: 80, wo havo the total quantity discharged hy the wheel equal 
to 138.1892 oubio foot per second; as the wheel hes forty-four uportures, 


Qr ais == 8.14000 cubic fect por second, ° 
The velocity of tho interior cironmnference of the wheel waa 180474 fect per 
second, and the interior radius of tho wheel being 8.576 foet, we havo 


18,04 
w= ae a= 6, Bd feet per second, 


consequently, : 
ig 5ad7d. RAS 
es Sri fs 1.7096 FA, 


. 


ot 84. ne sngoseiire stops in the cxouation for tho entire path, aro given in 
table Tu: 


~The , fires cof circles ra, IIT, eto, avo ‘dear on a. plan of the buckets, figuro 
6°, “plate VI, with, the radii contained in the fivet column. 
Conumn 2 contains ‘the entire areas of these circles, 
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Corum .8 contains the areas of the rings comprisod between theso cireles, 
which aro obtained by taking the differences of the successive areas in column 2 

Coxumw 4 contains tho areas reduced to square fect, of that part of each ring 
corresponding to a single aperture in the wheel, including also the area occupied 
by the thickness of the corresponding part of one bucket. 

Cozumn 5, .Corrections for the thickness of the buckets ;— these: are deducod 
from measurements taken on a full sized plan of tho buckets. , 

Cony 6. ‘True arcas of the partial ings, boing the differences of the con 
responding areas in columns 4 and 5, 

Conumy 7, Mean heights of the partial rings;—+theso are also takon front a 
full sized drawing of the whecl. 

Conumn 8. Volumes of the partial rings, or tho pena of the corresponding 
numbers. in columns: 6: and 7, 

Commmn 9, “Volumes betwoon. the radius R and ‘the successive yolues of tho - 
radia. 'Thoso aro obtnined by adding together tho volumes of tha: partial 
rings, upto the corresponding radius;— they aro. tho successive valuos of A 22 

Conuatn 10. Lhe ordinates ;—theso ate. successive values of ; 


1.7026 RAZ, 


ths. auccossive valuos of .R’ being taken in foet, instond “of inches, ag tliey are given 
in column 1. 

















‘ TABLE IT. 
10 
ay ‘ Orden. Mn 
“Yatun af ’| Avoax tn gquare | “Arena in of thodrang | Correation for | Tre avons of | Mom liefght jYohuniba of tio] Yolumoa feat, f 
Ry iad [flies af cliches) eqatteo Inctios ) of tin rings | Uw Uinknises | io ynrdbal of. Uns Parthal rhygs, Thotwoon & aril sara on 
Anerorelys | of the rail {tt of thy tn the last {of the buekot,} choy, fr pectin i riba, fn enbio the wuceerslve the 
vain nf | the Jast coluins ‘complete ings) “oytammn, | Uvaqunre feet | -aquury foubs i. foat. values of 2, roreponing 
A Tule, +d Betstare Rob, Onbio fet, rad! 
i colunm 1. 
sane ste were enetatn en eee bee mmo] enmneneiooveion oo (ee - etn ngenn ernie) esterenenrri 
A106 12.007 : : 


45 |. GtlOG08 |: 267,610 1. 0.04066]. 0,00001 | 0.08976 | 0.92641 0.08682 | 0.08682 | 0.2168 
ARS HOTA GOR | BORDA | OO4LG {> 0.00099 |. 0.04066 | 0.9080 | 0.08602 | 0.07874.) 0.4dd7 
ARG BVUO70 | 270177 | 0.04264 | 000100 | 004158 | 0.8040 | 0.08717 | 0.01001 |. 0.6845 
AAs G22L180 | 276.460 | 0,05868 | 0.00115 | 0.04248 | 0.8840] 0.09755 | 0.14846 |: 0.0878" 
AD G5OSBBY | 282.748} 0.04462 | 0.00188 | 0.04884 | 0.8775 | 0.08808 | 0.186469 '] - 1.2080 
AGG O792.909 | 280027] 0.04562 | 0.00146 | 0.04416 | 0.8755 | 0.08866 | 0.22515) 148dd 
AT FORRQIB | BOEBON | 0.0AG81 | 0.00174 |. 0.04487 | 08800 | 0.08040] 0.264044 1.7885 
d88 FSSUR1L | 801,598 | 0.04760 |. 0,00212 | 0.04548 | 0.89207 0040571. 0.80621 | 21008 
49,0 THARNGE | 158168 | 0.02417 |. 0.00188.) 002279 | 0.9055 | 0.02064 | 0.82685") 2.2064 
40.25 | 7020128 F7AGH |. OO1218 | 0.00078 | 0.01140 | 0.9145 | 0.01042 |. 0.88627 1 2.8498 
40,50 | 7007,087 97.568 | 0.01224 | 0.00087 | 0.01187 | 0.9210 | 0.01047) 0.84674) 2.4382 
ADH | UTTS 088 | TUL Lt 9,01280 9.00081 | 0.01149 | 0.9277.) 0.01066 | 0.85740 | 2.6228 | 
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5. The ares FG, ITE cle, figure 2, pluto VE, aro taken equal to the unl 
nates 0.2168, 0.4447 oto, in column 10 of the tablo; Uke peintx a ie ube, Ky 
are joined by a linc, which ig tho limit of the alreamn on one side. ‘The Thnit 
on the other side is found by making tho ares @ ee WN, 4 Afe= 10, ote; 
the points 2, L, U, ete. P, being joined by a line, givo the limits of the siren 
on this side. 

86, By an inspection of tho figure, it is plain that, in exporimont 80, tho 
path of the water through tho whecl must have beon a continuition af the 
direction given to it by tho fixed guides 71, and that thero was no sudden 
change of direction or velocily, up to o point near where the wtor wars din 
charged from tho wheel ‘The abrupt changes at this point, iudiewted hy the 
figure, could not, in roality, have taken place, ax wo know hy tho direction 
assumed by the vane, which is represonted at 87! in ity mean position during: the 
experiment. 

87. Tho foregoing hypothesis will evidently lead to results more newly com 
reot, the nearer the buckets are to cach other, until, in the caso in whieh the 
spaces between them aro infinitely small, it will give tho path aceurntely. In 
applications like the aboyo, where tho spaces aro very considerable, it ia aeamuodd 
by the hypothesis that tho wator passes through in curved unin, suporiniposud 
on each other, tho first of which, in contact with tho concavity af the bucket, 
is constrained by it and Uho rotation of the whol, to move in a particular 
path; this, in its inrn, constrains the next Iwminag to move in a atmiha path; 
and so on, 

By an inspection of figmre 2, plato VI, ib ix veusonalle to suppose, “that i 
lamina, far removed from tho conoavily of the bucket, will tnko a path differing 
from that of a lamina near it; tho abruptnesa in tho ourve nen its oxtrunity, 
will be diminished, somewhat in proportion to the distance of tho Jumina trom 
the concavity of the bucket, the water passing out from the wheel amory 
nearly in tho direction in which it was moving, during ilk approach to the 
civeumforence of the whocl, Theso views go fir to explain the dixeropmnny 
between tho path determined by tho hypothesis, and the direction assumed hy 
the vane, 

88. Whatover objoction may bo mado to tho mothod hy which the path, 
given in figure 2, plato VI, is obtained, it cannot be doniod thal its general 
course must have boen noarly as reprosentod; this boing admitted, i ja dificult 
to seo how centrifugal foreo can operate in the imporlant momner that is come 

, monly assigned to it, ‘The path is concave to tho axis only in a very slight 
degree, and through a part only of its course; nevertheless, ik ig ouly in con 
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xoquenco of a concavity in the path, that contrifugal force can have any exist 
ence, With the gato only partially raised, this foree may acl powerfully in 
inereasing the discharge, and a similar offecth may be produecd, at high volocities, 
with the gate fully raised; but in experiment 80, giving the maximum coefficient 
of effect, it can have had only a slight action, 


dh 


RULES FOR PROPORTIONING TURBINES, 


80...Iv making the designs for. tho Tromont, and other Gurbines, the mutha 
has been guided by tho following. rules, which ‘he hax heen Ted to by vom 
parison of several turbines designed by, Me Boyden, which have buen eurelully 
. tested and found to operate well, 

“Rule Ist. ‘Tho sum of the shortest: distances between tho buckets, should be 
o equal to ‘the diemetor of the wheul, 

Rule 2d. ‘Tho height of tho orifices ab the oiroumforeneo of the wheel, should 
be equal to. one tenth of the dimmeter of the wheel. 

Rule 34. ‘The width of the crowns should bo four tines tho shortost dim 
tance between the: buckets, 

Rile 4th. The sum of tho shortest ‘distances between the curved: guides, tiken 
near’ the’ wheel, should be. oqual to the interior diameter of the wheel. 

The turbines, from a comparison of which the above ruler were derived, 
varied in. diameter ‘from twenty-oight inchos to neatly one mired inolies, and 
operated on falls from thirty feck to: thirtoen fect. The author believes that 
they. may be safely followed. for all ‘fills between five foot aid forty foot, and 
“dor all diameters not less than two feot, and, with judicious arrangementa in uther 
respects, atid’ careful workmariship, o useful effect of soventy-live per cent. of tha 
power expended, may be rélicd ‘upon... For falls greater than forty feet, the 
second’ rule” should’ bo modified, by making tho height of the orificos smaller in 
proportion to the’ diaineter of the: wheel, ; 

“90. Takiiig the foregoing rules as a basis; womay, by aid of the experi 
ments. on’ tho Pinon Turbine, caine the ee formulea, 

Tet D =the diameter of the wheel ab the out extremities of the buckets, 

‘d= the diameter of the wheel, at the interlor extremities of tho buckets, 

. A= the height of tho orifices of discharge, at tho outer oxtremitios of 
the buckets. 

We==the width of the crowns oceupied hy the: buckets, 
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N= the number of puekets, 

“n== the number of guides. 

P == tho lorse-power of the turbine; a horse-power being 560 pounds 
avoir, raised one foot per second, 


== the fall acting upon tho wheel. .. d : i 
Q== the quantity of water expended by the tinbing, 3 in cubic fect’ por 
socond, : 


Vex tho velocity igs the fall acting upon the: wheel. 
PV’ == the velocity of the water passing the narrowest sections of tho wheel. 
y== the volocity of the interior circumference of tho wheel : ‘all. the veloci- 
; ties being in fuck per second, a ; 
O== the coefficient of V, or the. ratio -of the real velocity of the -water 
passing the nartowest sections of the wheel, to the theoretical 
velocity due tho full acting upon the: wheel, 


The unit of length ix the English foot. 

Tt is assumod that the useful eflect is, soventy-five per cent. of the total. ; 
powor of tho water exponded. 

According to rulo 1, wo have the sim of tho widths of the orifices of dis 
charge, equal to D, Then the ‘swn of tho arcag.of all the orifices of discharge, 
jy equal to DIZ i 

By the fundamental law of hydraulics wo have 


i Vex VOgh. : 
therefore ; ig BA ai 
, . Vx OY2gh. 


We cau find the value of @ in the last equation by experiment 30, on the 
Tremont Turbine, In that whool wo. have for the sum of the widths of the, 
orifleas of dikuhargo, 44x 0.18757 == 8.25808 fect, and the height of tho orifices of 
divchayge == 0.0814 foot Thon we have, for the sum of the axeas of all: tha. ort 
feed of discharge, ; if 


ID = 8, 25808 X 0.9814 == 1. 68602" square fect, 


* 


By experiment 80, wo ) havo 


Qs 188, 1892 cubic feet per si oye 
dagen is ok Soa SE 
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consequently, 
138,)909 == 7.08692 x 8.0202 V12.808 O, 
or O== 0.084. 


By rule 2, wo have W==010D: 


then J.D = 0.10 24, 
and Q=2 UDV' == 0.107 OV 2y4, 
or Oz 0.5 DtVA. 
Calling the weight of a cubic foot of water 62,83 pounds avoir, we have 
PTE X ONG 


oo 850 


or P == 0.085 Qh; 
ov, substituting tho value of @Q just fond, 


P =z 0.0425 Dh Vd, 
from which we may doduce _ 


Dx 4.85)? 
Avh 
92. The number of buckets is, to e certain extant, whilrary, and world wally 
be dotermincd by practical considerations: some of tho ideas to ho kept in mind 
ave dhe following. e 
Tho pressure on cach bucket is loss, ad the number ia grenters tha greater 
number will therefore pormil of the uso of tho thinner iron, whieh ix important, 
in order to obtain the best results, ‘Cho width of the erowna will be Jesse for 
a greater number of buckcls: a narrow crown appenta Lo bo fivoralile ta the 
useful effect, when the gate is only partinlly roixed. As the apneer belwoon the 
buckets’ inust be proporiionally narrowor for a largor number of buekota, the 
liability +0 become choked up, cither with nndhor ico, of othar rubslances, is 
increased. ‘The amount of power lost by the fiction of tho water ngaiuet the 
surfaces of the buckets, will not be materially changed, as the total amannt of 
rubbing surfnee on the buckots, will be noarly constant for tho samo dinmoter: 
there will be a little less on tho crown, for tho larger numbor, ‘The coal of 
the wheel will probably increase with tho numbor of buckola The thicknosa 
* and quality of tho iron, or othor motal intended to be used for tho buckets, 
will sometimes be an element, Jn somo waters, wrought ivon ia rapidly corraded. 


a 
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Tho author is of opinion that a general rulo cannot be given for the nmn- 
her of buckets; among the numerous tarbines working sntisfactorily in Lowell, 
there are examples in which the shortest distance between tho buckois is as 
small as 0.75 inches, and in othors as large as 2.75 inchos, 

As a guide in practice, to be controlled by particular circumstances, the fol- 
lowing is proposed; 10 be limited 10 diameters of not less than two fect; 


N=38(D-+10). 


Taking the nearest whole number for tho valuo of 

The Tromont Turbine is 8} feet in diameter, and, according to the proposed 
rule, should havo fifty-five buckets, instead of forty-four. With fifty-five buckets, 
the crowns should have o width of 7.2 inches, instead of 9 inches; with tho 
nuvrower width, it is probablo that the useful offecl, in proportion to the power 
oxponded, would havo been a little greater whon the gate was partially raised, 

92. By tho 8d rule, wo have for tho width of the crowns, 


meee § 
= 3 


NV 
and for the interior diamoter of tho wheel ' 
—_ 9.8) 
d= D ir 


By the 4th rule, d is also equal to the sum of the shortest distances between 
tho guides, where the water loaves them. 

93, Tho number 2, of the guides, is, to a corlain extent, arbitrary; “the 
~ptactico ab Lowell has been, usually, to havo from « half to throe fourths of 
the number of tho buckets; exnotly half would probably bo objectionable, as it 


* would tend lo produce pulsations, or vibrations, 


M4, ‘Lhe proper velocity to be given to the wheel, is an important consi. 
eration Experiment 80, on the Tremont Turbine, gives tho maximum coefficient 
of effet for that whol; in that oxporiment tho velocity of the interior cireum- 
ferences of tho wheel, is 0.62645 of the volocity duo to the full acting upon the 
wheel, By rofvronce to the other experiments with the gato fully raisod, it will 
ho seen, howevor, that the cooficiont of cffect varies only about two por cent. 
from the maximum, for any velocity of the intorior circumference, between fifty 
per cent, and seventy per cent. of that due to the fall acling upon the wheel. 
By releronce to the experiments in which the gate is only partially raised, it 
will be seen that the maximum corresponds to slower velocitics; and as turbines, 


4 
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to admit of being regulated in velocity for variable work, must, wliseah necemmrily, 
be used with a gato nob fully raised, it would appenr proper fo give (hen a 
velocity such, that they will give a good efleel under thoso clrauslatices 

With this viow, iho following is oxtvacled from tho exporimenta in tale TL, 


Ratla iS tla watatty Aa ithe Aden a 
nferenes of he wheel, lo tie velocity 
Number of tha | Melght of the rogulnt- finn th fil ‘ting Thon tne ashen, wor 








oxpotumont Ang guto, In Inchos, roxpondtng to the nutdanan gooitleient 
of oftuot 
80 ta |S 
62 B55 . C508 UL 
5.05 OGG205 
QN7E OdIIO 


By this table it would appear, that, as turbines ara generally used, w velocity 
of the interior circumference of the wheel, of about Mty-six por cont of that duo 
to the fall acting upon the wheel, would bo most suitable, By referenea to the 
diagram ab plate VT, it will bo scen that, at thir velooity when the gato ix fully 
raised, tho cocficiont of effect will bo within loss than ono per cent. af tho 
maximum, . -3 

Other considorations, however, must usually be inken into recom, In deter 
mining the velocity; the most frequont is tho variation of the fidl under which 
the wheol is intended to oporate. Tf, for instance, ib was required to oatabliah av 
turbine of a givon power, on a fall linkle to bo diminished fo one half by 
backwater, and, that Une turbine should he of a enpacity to give the requinite 
power at all times; in this case, the dimensions of the turbine must be deter 
mined for tho smallest fall; but if it has assignod to it a volocity, to give the 
meximum offech at tho smallest full, it will ovidontly move too xlow for the 
greatest full; and this is tho moro objoctionablo, as, usually, when the fil ix 
groatest, the quantity of water is tho least, and it is of tho most huportance to 
obtain a good offect. It would thon be wsually, tho beat aringomont, to give 
the wheel a velocity corresponding, to the maximum coeflsient of aleel, when 
tho full is the greatest, To assign this velocity, wo must frat find tho propor 
tional height of gato, when tho {nll is groatost; this may bo determined approxt- 
mately by aid of tho oxporimonta on the Tromont Turbine, 

We have scen that P = 0,085 QA. . 

Now, if 4 is incroased to 24, the volocity, and, consequently, the quantity af 
water discharged, will be increased in the proportion of ¥% to ¥2h; that is to 
sny, the quantity for the fall 24, will bo V2 @Q, 
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Culling P’ the tolal power of the turbine on the double fall, we have 


2” = 0.085 f2Q 22, 
or P’ == 0.085 x 2.8284 Qh. 


Thus, the tofal power of the turbine is imercased 2.8284 times, by doubling 
the fall; on the double full, therefore, in order to presorve the eflective power 
uniform, the regulating gate must be shut down to a point that will give only 
sada, parl of the total power of tho turbine, 

In experiment 16, the fll acting upon tho wheol was 12.888 fect, and tho 
total useful effect of tho turbine was 856258 pounds raised one foot por accond 
aedwe part of this is 802734 Ibs; conscquontly, the same opening of gato that 
would givo this last power, on a fall of 12.888 foct, would givo a powor of 
85025,38 Ibs. raised ono foot por second, on a fall of 2 12,888 feot == 26.776 
fool. ‘To find this opening of gate, wo must have recourse 10 some of the 
other oxperiments, 

In oxporimont 78, the loll was 18.810 feot, tho height of gato 6.65 inchos, and 
the woful effect 58830.1 pounds. In experiment 88, the fall was 18.485 foct, tho 
height of gato 2.875 inches, and tho twoful offecl, 27810.9 pounds, Reducing both 
theso useful offects to what thoy would havo beon, if the full was 12.888 feet, — 


j 

the useful offoct in oxperiment 78, §8880.1 (Bane == §0054.5, 
3 
‘ bi 

« « « 98, aratoo TE?) = 26000.1, 


By comparison of theso useful offecis with the corresponding hoighta of 
gato, wo find, by simple proportion of the differences, that a useful efleot of 
80278. pounds raisod ona foot high por sccond, would bo given when the 
height of (he regulating gato was $206 inches, 

By another modo:— 


as 2600.1 : 2.876 :: BO27A + 2875 x SHAM == 9.802 inchos, 


a little consideration will show, that the first modo must givo too little, and tho 
recond, too much; teking a mean of the two resulls, wo have for the height 
of tho gate, giving yx}gz of the total powor of the turbine, 3.344 inches, 
Referring lo table IL, wo soo that, with this height of gato, in order to obtain - 
the best coeficient of uscful effect, the velocity of tho interior circumforence of 


> 
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the wheel, should be about ona half of tat due to the fill neting upon the 
wheel; and by comparison of experimonte 7f and BA, it will be xeon thal, with 
this height of gate, and with this vulocity, the cooficiont of useful ellvel musk 
be near 0.50. 

This oxample shows, in a strong light, the wellknown defect of the darbine, 
vin, giving a diminishod coafficient of usaful efeat, at limes when it ix important 
to obtain the best results, One remedy for thiv deluct woukl be, to have a 
spare turbine, to bo used when the fall is grently diminished 5 this arrange 
ment would pormit tho principal turbine lo ho meade newly of the dimensions 
required for the gventest fall As ab othor heiglia af tha water, economy af 
water ig usually of less imporlance, the spare tubing might generally be af a 
cheaper construction, 

95. Zo lay out the owve of the buukels, tho author makes wie of tha followiag 
method. 

Referring 10 plato IIL, figure J, tho mumbor of buolats, Vy having heen dete 
mined by the preceding rules, sel off the are ginal 

Let w=gh, tho shortost distance botwooen the huekets; 

t== the thickness of the motal forming tho buckets, 


Make the arc gk= 6a, Draw tho roading (4, intorsceling (he interior air 
cumferenco of the wheel at 7; the point 2 will bo tho inner extremity of the 
bucket, Draw the divectrix Zm tangent lo the inner civeumfovence af the wheel. 
Draw the ara on, with the radius @-- 2, from tae m contyo; (he other diveetis, 
gp, must ho fomd by trial, the required conditions belng, that, when the line 
mz is revolved round to the position gi, tho point m boing constantly on tho 
divectrix gp, and another, point at the distmnoo mg=s=rs, from tho oxtromity of 
the line describing the buckot, being constantly on tho directrix mJ tho eurve 
desoribed shall just touch the aro 70, A convenient Hino for a first approxint- 
tion, may be drown by meking the anglo Ogp== 11° After dotermining the 
directrix according to tho preceding mothod, if the angle Ogp should bo greater 
than 12°, or Jess than 10°, tho length of the aro gh should be changed, to bring 
the anglo within these limits, 

The curve gss’s"l, described as above, is nearly tho quartor of an cllipso, 
and would bo precisely go, if the angle gmi was a right angle; the curva may 
be readily described, mechanically, with on apparatus similar to the olliptie tram. 
mel; there is, however, no difficulty in ‘dunwing it by o sorics of points, as is 
sufficiently obvious. 
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96. The trace adopted by the author, for the corresponding guides, is as 
follows. 

Tho number 2 linving been determined, divido the circle, in which the 
extremities of the guides are found, into 2 equal parts, vw, wa, etc. 

Put wm’ for the width betweon two adjoining guides, 

aud ¢ for the thickness ses iu metal forming the guides. 

We havo by rule 4, == =o 


With w as a centre, and the radius o’-+-2', draw the are ya; and with « as a 
centre, and the radius 2(o’-+-+7'), dew tho ae ao Through » draw the portion 
of a circle ve, touching tho ares yz and ad’; this will be the curve for tho 
essentiol part of the guide, The remainder of the guide, ¢’@’, should be drawn 
tangent to tho ourvo e’v; a convenient radius is ono that would causa the curve 
ed, if continued, to pass through tho centro QO This part of the guide might 
ba dispensed with, except that it affords great support to the part gy end thus 
permits the use of much thinner iron than would bo necessary, if tho guide ter 
mninated at ¢, or near it, 

97, Collecting together tho foregoing formulas for proportioning turbines, 
which, it is undorstood, aro to be limited to falls not excecding oy feel, and 
to diametors not less than two fecbs wo have 


for tho horse-power, 
P= 0.0425 DUT; 
for thy diameter, 


D = 4.86 
i 


¢ 


fur the quantity of water discharged per second, 


Q= 0.6 DVI; ‘ 


for the velovity of the intorior cireumforence of the whool, when Ure full is nob 


very variablo, 
gre 0.56 ¥ Ugh, 
or, ya MOLVA 


? 
, 


for the height of tho oriflees of discharge, 


H=0.10D; 
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for the number of buckets, 
N= 3(D-- (0); 
for the shortest disiance Letweon to adjacent buckets, 
D 


om 


‘ i 
for the width of the crown occupied hy the Duckelsy, 
4D 
Vs | He 


for the interior dixmeter of the wheel, 


d= D—"%; 


for the number of guides, 
‘ n= 0504 lo 070M; 
for tho shortest distance beeen bo adjacent guides, 


» 
ex 


wos ©, 

Table IV. has beon computed by theso formulas. 

For falls greater than forty feel, the height of tho orifices in the gireu- 
ference of the wheel, should bo diminished; the forogoing formulas muy, however, 
still be made use of; thus, supposing that fora high ful, it is detormined to make 
the orifices three fourths of that given by the formula; divide the given power, or 
quantity of water to be used, by 0.75, and we the quolionl in place of the 
truc power, or quantily, in determining the dimonsiona of the turbine; ne inad® 
fication of the dimensions will be necessary, excapt thot gy af the diameter al 
the twbine should be diminished to 44, of the dinueter, to give Ue height of 
the orifices in the circumference. 

98. It is plain, from the method by whieh tho preceding formulua lave 
been obtained, that they ennmnot be considered na cxtablished, hub should only he 
tuken as guided in practical applications, wnlil some move satlathelory avo pros 
posed, or the intricaci¢s of the turbine have been more fully wirsvellel, ‘The 
turbine has been an ahjoct of doop intorest to many learned mathenmicinas, 
but, up to this lime, the results of their investigations, so fir an they have buen 
published, have afforded but little aid 40 Tlydraulio Engincors, 
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TABLE IV. 


53 


Liable for Tubines of diferent Maneters, operating on diffrent falls; ussuming that the useful offect ts 
soventy-fiva per cant af’ the power orpended ; also that the velocity of the interior circunrferenca ts 
Afyysin per cunt, of the velority due the fall; und also that the height between the crowns is yy 
af the outside ameter. 
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EXPERIMENTS ON A MODEL OF A CENTRE-VENT WATER-WILERL, WITIL 
STRAIGUL BUCKETS. 


09. Tine author was led to this design by tho considoration of the path of 
the water in passing through the wheel, according to the hypothosis in art. 88. 
Jb is a wheel well suited for low falls, in which the water, over ihe wheel, may 
stand at ila natural height, without roquiring a vertical shaft of great length. 
lis simplicity and cheapness, combined with ils other good qualities ns a hydraulic 
motor, must recommend it for many such situations 

100. Plato VIL, figure 1, is a general plan, and figure 2, a vertical section 
of tho apparatus 

Tiguyo 8 is a vortieal section through the apertures in the guides and whool; 
the guides and buckola are omitted to avoid confusion in the figure. 

Figure 4 is a horizontal section of part of the guides and buckels, showing, 
uso, the path of tho water in oxperiment 8, according 1o the hypothesis in art, 838. 

A ix the wheel; tho -exterior diamoter is 224 inches; tho interior diametor 
ix [04,inches; the height hotwoen the crowns, ov 7? G figuro 8, is 21% inches; 
ib enmies thirty-six buelcets, 7%, figure 4, of steel, about yy of an inch in thick- 
ryan, fistonad to the wheel by meana of the wooden cushions 7, figure 8; the 
upper cushions aro screwed lo the disc D, and tho Jower ones to the crown G. ‘Tho 
(ins ix of onat-ivon, § inch thick, with a suitable hub by which it is connected 
with tho vortienl shaft, 

JU wre guides of cast-ivon, which direct tho water into tho wheol, and also 
aupport the plato 4% which protects the wheel from pressure on ils upper surfaco; 
tho contraction of the slreams onloring Lhe apertures betweon the guides, is dimin- 
ished by the ourved wooden garniture A} there are twonty-four guides, Tho moan 
shortest distance botweon the buckels at a2, figuro 4, is 0.0880 fect; the mean 
shortesl distance batween Lhe guides od, figure 4, is 0.0487 foot; and the height 
of both is 2}% inchos==0.2344 fecb; wo havo, therefore, for the sum of tho 
avons of the smallest sections between the guides, 


0.0487 >< 0.2344 x 24 == 0.24584 square fect. 
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Similarly, the sum of the areas of the smallest xectioay between tle fhuelkets i 
0.0830 X 0.93-44 X 86 == 0.28006 aAcuara foot, 


The weter is admitted into tho forebay 2%, by the pipes ALAY; the diaphragm 
W is to diminish the agitation of tho walter. 

101. ‘he apparatus for gauging tho wolor discharged hy the wheel, eon 
sisted of the weir 0, which hud sharp edgos; the depll on the weir wus 
measured by a hook gaugo, in tho box #, which communicated, hy a smnull 
aperture, with the surrounding water; the height of the water above the wheel 
was (akon ab a gouge in the box Q; thin box was made sloping on ono sido, 
in order to permit a hotter view of the gauge. ‘Tho zeros of hoth gauges were 
at the level of the top of tho weiv; consequently, tha differeneo in the rend. 
ings of tho gauges gave ab once tho fall acting upon tho whol 

102. Tho apparatus for mensuring the power, consisted of tho Prony dynmnoney 
otor 2, attached to ihe upper parb of the vertical shaft; tho woighla wore npplied 
by means of tho bell crank S, figures 1, 2, and 6; the oscillations of tho brake 
wore diminishod by the hydraulic vegulatur 2) and the axtont of tho oscillations 
cwas limited by the stops U0. Tho spood of tho wheel was obtnined by means 
of a counter, driven by the worm F, abtached io tho lop of tho upright shotl; 
this was so arranged as to strike a bell oneo in fifty revolutions of the wheel. 
‘In order to diminish the passive resistances, tho woight, bearing upon the 
slop TY, was counterbalanced, in pari, by other weights, one of which ix represented 
ab y, figure 2; those wero attached to the brakes ab the pointe XN, hy verticnl 
cords passing over pulleys; the woighi, vesting on the step whon tho wheel was 
immersed, and the dynamoniler attached, was found 10 bo 170 pounds; the conp- 
terbalance was 160 pounds, loaving 10 pounds bearing upon* tho atep The 
entire apparatus for measuring tho power, was in equilibrium whon thore were 
no weights in the scale, 

103, In all the experiments, oxcept oxperimont 10, the brake was lubricate 
with oil; in experimont 10 wator was usod for Unis piypose ; oxporimonts 0 and 
10 wore idbntical in all other respects, It was noticod in experiment [0 that 
the whole apparatus trombled vory much; this must have consumed some power, 
which is perceptible in tho coofficionts of offect, Exporiment 9, in which oil was 
used, and in which tho trombling of tho apparatus was vory slight, gives a cootli- 
Menh of offect of 0.6922; while oxperiment 10, in which water wax used to 

_ lubricate, the brake, and in which the trembling of tho apparatus was very dis 
tinct, gave 0.6886 as the coefficient of offect, ; 


CENTRE-VENT WATER-WIKEL, WITIL STRAIGILE BUCKETS, bF 


10d, Al the apparatus was construeted with great cave and precision; the 
surfaces of the cast-iron pnites wero promd smooth; and the cast-iron dise and 
lower crown of the wheel wero tuned true, and polishod, in order {to diminish, 
as much ns possible, tho vesistanco of tho water to tho motion of tho wheel. 

105. In table V., the quantity of water discharged has been calculated by 
the formula 


Q = 3.83 (J— 0.108) ht, 


in which Q== the quantity in cubic fect per second; 7==tho length of tho 
wolr == 3,008 fect; m==tho number of ond contractions==2; A= the depth upon 
the wor, Tho weights wore obtained for the purposo from My. 0, A. Richard. 
ron, the official senor of weights and measures for the City of Lowell, The 
effective Iength of the lover of the dynamometer, was tivo feet. Tho tempera 
ture of tho walor was 634° Fahrouheit, Tomperatuve of the air at 8", 867 A. M, 
68° Fahrenheit, Tho weight of a cubic foot of water is tnken at 02,8128 pounds, 
which is deduced from lablo I. 

If in any experiment, the brake touchod, even momentarily, either of the 
alops UU, ik waa rojoctad; with tho uso, howovor, of a xogular and aufticiont 
quantity of oil to lubricate the brake, and a proporly constructed hydraulic reg 
ulator, there ia acldom any difficwliy from this cause, excopt at vary low velocitics, 
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CENTRE-VENT WATER-WUKEL, WILIL STRAIGIE BUCKETS. 69 


{06, In tho. foregoing’ table, experiments 4, 5, 6, and 7, were: made: with the 
wheel still; the biwke was screwed up tight, and the. pressure of the water upon 
the buckets, was measured by woights in the scale. In oxperimonts- 4 and 7, 
the weights were sufficient to balance tho offect of the pressure of the water on 
the buckets, and also to overcome the friction of the apparatus; in other words, 
the weights wore the least that would causo the scale to preponderate over the 
uctive and possive forces, In ‘experiments 6 and 6, the weights in the scale were 
the greatest that tho pressure upon the buckets would -raiso, and overcome the 
friction of the apparatus; consequently, the force of. the water acting upon tho 
buckets, may be considered as balanced by the averago of tho weights in the 
fourth and fifth. experiments, and, also, by the avorage in the sixth and seventh 
experiments, 

To obtain the trae weiglit thet would balance the prosiuro, wo must reduce 
tho weights in the difleront experiments to what they would have been, if: the 
fill neting upon the whool had been: constant, 

The lollowing table shows tho weights reduced: to a uniform fall of -2.6 at 
obtained by simple proportion; thus, in. the fourth experiment, 


2.6160: 26.76 +: 2.600 + 25,686, 


The quontitios discharged aro also given for a uniform fall of 2.5 foot, 
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Tho mean reduced weight, when the weights proponderatod, is 25.4986. pouhds... 


and when tho pressure on me buekets preponderated, ... 19.5185 0, 


Diffovonee, 6 ee ~6,9800- ‘pounds. 


Half of this difference, or 2.99 pounds, may be considered: oa the measure of 
the passive resistances, or, rather, of the friction of the apparatus 
107, In expetimont 18, the. brake was entirely removed, and the ‘wheel 
allowed to run ‘without load; with the brake, the counterbalance. was necessuily 


* 
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removed, consequently the passive rexistanco uriving from the fidetion of the rtep, 
was much greater than in the olor experiments, 2 

108. Wig. 6, plate VIE, is @ dingram representing the eaparimentas the 
* Abscissa ropresont tho ratios of the velocilick of tho exterior cireumferance of 
the wheel, to tho velocilios due to tho filly acting upon tho wheel, as given 
in column 14, of able V.; tho ordinates represent tho milioa of the usctul 
effecis to tho powers oxpended, as given in column (L5  tho potnby repronidtl 
ing experiments 12 and 13, are connected by u broken Tine, heeuma the litter 
experiment is not strictly comparable with the other, in consequenea of the 
removal of the connterbalanco, 

109. Tho following tablo contains the succowwive aleps of tho culeutition for 
the ordinates of tho path of the water in experiment §, represmited at figure of 
plate VIL; tho operations are all similar lo those explained in articles 83 anil 
119, The ordinates in column L0 avo oblainod by the formule 

Om Mant, 
in which 

O ia the ordinate, 

A’ tho corresponding value of tho radius in column 4, 

w, the angular svolooity == 800% 22 == 9.684, 


B15 
AZZ, tho corresponding volume in colin 9, 





Q”, tho mean quantity discharged by cach aperture in the wheels: 2h! 2 gauuue, 
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EXPERIMENTS ON TI POWER OF A CENTRE-VENT WATER-WILEEL, AT 
TILE BOOLT COTLON-MILLS IN LOWELL, MASSACHUSETTS. 


£10, Tins whool is one of a pair constructed from the designs of the author 
hy the Lowell Machine Shop, for the Booti Cotton-Mills, in 1849. During o 
considerablo portion of the year, the full, on which theso wheels operate, is about 
nineteen feo} with this full, and with the vogulating gatos raisod to the full 
hoight, they cach finish on effective powor of about 280 horso-power, 

A patent for the torm of fourteen years was issued, July 26, 1888, by tho 
Government of the United States of America, to Samucl B, Iowd, of Coneyva, in 
the State of Now York, for a waterwheel resombling, i somo reapects, the whools 
w the Boolt Cotlon-Mille" Under this patent, a large number of wheels havo 
been constructed, and a great many of them are now running in different parts 
of tho country; they ave Imown in somo placos as tho ZZowd wheel, in others os 
tho Uiled Slates wheel; they have uniformly been constructed in a very simplo 
axl cheap manner, in order to mect the domands of a numerous class of millors 
aud manuficturers, who must havo cheap wheels if they have any. 

LLL Bigures 8 and 4, plato TX, are a plan and vertical section of one of 
tho Ifowd wheels, constructed by the owners of the patent right for a portion 
of New England, 4, tho wooden guides by which the water is directed on to 
the buckels; 2, buckets of cast-iron, fastened to tho upper and lowor crowns 
of the wheel, by bolls; the upper crown is connceled with the vertioal shalt 4, 
hy the ams GD, tho regulating gate, placed oudside of the guides; Uhix is made 
of woot; the apparatus by which it is movod is not veprosented; it is a simple 
mrungement of lovers, The upright shalt 2 runs on a slep ab the boliom. 
This wheel is usually placed in the bottom of a rectangular forebay, which, in 
high falls, may be closed ab tho lop, so as to avoid the necessity of using 
vortical shaft of great length, The poculiarly shaped projections on one side of 
(ho buckets, ib is suid, increnso the efficiency of the wheel, by diminishing the 





* A. wheel similar, In ils casential features, was proposed in Franco, in 1826, by Poneelet 
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wasto of wator; it is possible that somo auch oflect inuy be produced by then 
The author is nob aware that any exacl experiments lave been made on the 
power of theso wheels; from their form und consteuction, however, ik is pluba 
that thoy cannot bo classed among those using water with very greah economy, 
Tn the design for the Boott wheel, the aulhor has so modified the form and 
arrangement of the whole, as to produce a wheol essentially different from the 
Tlowd wheel, as abovo described, although it may, possibly, be teohnically covered 
by the patent for that wheel. 

112, Figures 1 and 2, plato VILE, aro a vertionl seolion, and wu plan of the 
Boott contre-vent wheel, showing, also, the appuralus used in the experiments, A, 
the lower ond of a pipe, about one hundred and thirty fect Jong, wid eight fect 
in diameter, by which the water iy conducted into the forchay #3 Uhis pipo is 
constructed of plate ivon, threo cighths of an inch in thickness, riveled together in 
the usuel mannor of meking steam-boilers, Tor local reasons, tha top of the fare 
bay 2 is closed, so as to provent the water from rising to ita natural level, hy 
about six or seven foct, 6, tho surfaco of tho water in tho Morvimack Itiver, 
represenidd at about ils medium height during the exporlmenta. 2), the wheel; 
2, tho guides; 7, tho vogulating gato, the apparatus for moving which, ia nob rep. 
resented; , the disc, which relioves tho wheel from tho verticul prosmure of tho 
water, and which also supports tho lower bearing of tho vertical shalt, Tho 
leather packing of the rogulating gato 7, slides againat tho oireumferenca of tho 
disc, which is turned smooth and cylindrical for that purpose, and tho diso itself 
is supporlod by moans of four brackets, lwo of which are represented uw I, 
by the columns JZ The vortical shaft A’ is of wrought iron, and it passes through 
tho stufling box Z, and is supported by the box 24 which hos a serion of recursos 
lined with habbit metal, fitted to receive w corresponding series of projections in" 
the vertical shaft, ‘The wheel, the vertical shaft, and the hevel gene tealy on 
the Tatter, have a total weight of ubout 16,200 pounds; the hewriug surfiee tn 
the box If is about 881 square inches, consequently, the weight, per aquare inch, 
of bearing surface, is about 46 pounds, 

Figures 8 and 4, plato VILL, represent tho wheel and guides an a larger 
scale, ‘Tho buckets and guides aro oqunl in nambor, thoro boing forty of each; 
the buckets are of pluto iron, $ of an inch in thioknoss; tho guides aro of the 
ato anatorial, 34 of an inch in thickness, ‘Tho following dimensions were tken 
after the parts were finished ;— 


Mean shortes) distance botweon adjacent buekels, or ab 
Bee: Ay os ee ca a Re ck ws Ga Se veces OTHE TOE 
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Mom height between the ovowns, ab the inner extremities of 

the buckets, or ed, figwwe 8 0. 6 6 eee wee 1.2800 feel, 
Mean height letween the crowns, ab the outer cxtromilics of 

tho buckots, or o/, figure 8 6. wee ee ee. 09900 8 : 
Mean shortest distance betweon the adjacont guides, or gf, 

(gare 4. se oe Oe a oe ee ee OTM & 
Mean height of the orifices betwoon the guides, or 7%, figure 8, 1.0066 « 
Diameter of tho wheol at the oulside of tho buckots, . . . . 9.888 « 
Dinmeter of the whocl at tho inside of the buckets . . . . 7.987 « 


113. Several of the poctlia foatues of this design avo covered by patonts 
ismod by the Governmont of the United States to U. A. Boyden. Tis patents 
cover the arrangement of the regulating gate, hy placing it between the guides 
and tho wheel, and having it detached from the garniture; making the height 
between the crowns of the wheol groater where tho water is discharged, than 
whore it enter; thoy also cover tho aclfadjusting apparatus on which tho box 
AL is supported, ; 

114, Returning to figures 1 and 2, plate VIIT, W is tho friction pulley of 
the dynamometor, which ix attached to tho part of tho shaft intended to receive 
the link of tho bevel gonr, for the transmission of tho power; 0, the brake of 
maple wools 2, the bell crank, and @, the hydraulic regulator; the triétion 
pulley and the brake were subsoquently used in tho oxperimonts on tho Tremont 
Thine, ia the account of which they are more particularly deseribed, (soo aris, 
37 and 38), 7’, the woir at which the wator discharged by the whool was 
gnuged; 4, 0 grating for the purpose of equalizing the flow of tho water towards 
Hie weir; 7 the gaugo box in which the depths on the weir were observed, 
Tho communication between the walor inside the box, and that surrounding’ il, 
wos maintained by means of an aperture in the bottom of the box, (which 
extended 106 feel holow the top of the weir,) and which was 412 (eet from tho 
weit, TC may ho thought, at (lust sight, that the depths on the weir wore talon 
xo new it, ax to he afllecled by the curvature in tho surfice, caused by the 
discharge over the weir, but tho experiments at the Tower Locks, (ari. 178,) 
prove, canclusively, thal when ihe’ communication between the water inside tho 
hox, and that outside of il, is maintained, by means of o pipe oponing near 
the bottom of the eannl, the depths are nol allected in any appreciable degroo, 
by the curvature in the surface. If any such effect was produced in this caso, 
it must have boon vory slight OG and VY are the gauge boxes at which tho 
heights of the water, below and shove the wheel, wore observed, in order to 
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obtain the {nll acting upon the wheel, The velocity of the wheel wat obtained 
by means of the counter 1% The appuralie for lubvienting the Trake is nut 
represented on the plate; in some of tho oxporiments, water wos weed, wl in 
others, linsced oil. 

The experiments wore made accorling to the method of euntinuonsy observa 
tions, which has beon sufiiciently described in tho account of the experiments on 
the Tremont Turbino, 

115, The exporiments on tho Booll centre-vent water-vheel, me given in 
detail in teble VI, which will be intelligible, without much finther exphmation 
than is conteincd in the respective headings of the several cole, 

116. Corum 10, Useful effect, on tho friction of the brake, ta pounds aroirdipois 
raised one foot per second. ‘The brake was connected with the vertien! ann of 
tho bell crank, by a link, which was horizontal when the brake wax in its 
normal position, When in this posilion, the length al a perpendicular, from the 
centro of tho yorlical shaft, lo the lino joining tho pointa of the brake and hell 
crank ¢o which the lik was abtachod, was 9.748 Tools tha eflvative longth 
of the vertical arm of the boll crank, was 4.6 fuel, and of tho horizontal arm 
to which tha scale was attached, 6 fect; consequontly, the effvetive longth of 
the brake was 


F axe == 10,826 foot, 


LUT. Conus 16. Quantity of water passing the wheel, in cutie Jeet por aceon, 
This quantity was gauged at tho weir, Tho length of tho weir war 19,008 feet; 
the width of the raceway on tho upstream side of tho weir, waa 17 feet; tho 
crest of tho weir was 11.14 foot nbove tho bollom of the raceway. ‘ho quantity. 
has been computed by tho formula * 


Q = 8.88 (J—O.lnh) bt, 


. 
r 


oma 


determined from tho exporiments mado, in 1862, at tho Lowor Tools, (Seo art, 
258.) In this formule 


Q= the quantity in cubic foot per second, 

d== tho length of the woir== 18,908 fat. 
ae=the numbor of ond contractions == 2, 

4== the dopth on the weir, givon in column 14, 
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In experiments Nos. 8, 16, 26, and 89, the brake was removed. 
Tn oxperiment No, 87, the woight preponderated, In No. 88, the wheel preponderated (art. 77.) 
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118. Tho vesults of the oxporimonty in table VI, avo reprosonted by a xy 
tom of cobrdinates at figure £, plato TX.;— the relative velocities, given in column 
20, ave takon for the abscissas, and the corresponding ratios of the wwefal efloate 
to the powers expended, givon in column 17, are taken for the ordinates, ho 
numbers on the figure rofor to tho oxporimenta in tablo Vi, which the sovoral 
points represont;—— thé points nol numbered roprosent somo oxporimonts not 
reported, in consoquence of an imporfoction in tho gange of tho quantity of 
water discharged, owing to a defective atrangoment of Uno grating, ‘Lhoso exports 
ments have boon corrected by & comprrison with those tut are reported; nol 
withstanding this correction, howoyer, they oughl not to bo convidered as of 
equal value with thoso reported in tablo VI. In the figure, the pointa repre. 
senting the latter experiments, aro connected by full lines; the points reproxonting 
the experiments considered imporfect, aro connected by broken lines. ‘Lhe line 
AB represents the experiments reported, that wore made with tho regulating gatu 
fully raised; the line CD, the oxporiments with tho goto srvised threo qtrterx 
of ils full height; 2/7, tho experiments with the gato rateed oa half, and fd, 

‘ tho ¢xporimonts with the gate raisod one quarlor of ila full height, It will he 
seen that the maximum coalllciont of affocl, with tha gato fully raisad, is given, 
"when the outside of the wheel is moving with a velocity equal to about sixty. 
déven pot cent. of that due to the fall noting upon the whoel, at which volovity, 
the useful offect is vory nonrly cighty per cont. of the total powor of tho water. 
The coefficient of offect diminishos rapidly on tho rogulating gato is lowored, and 
the maximum is also found at a slowor spood; thus, whon tho gato ia ralaod 
three inches, or one quartor of its full height, the maximwn ocoofficiont of efeat 
is thirty-eight por cont, of tho powor oxponded; which ja givon when the outside 
of tho whesl is moving with a velocity about one half of that duo to the full; 
acting upon the wheel, 

119. ABCD, figwe 2, plato IX, yvoprosonts the path of tho water aa it 
passed though ono of tho apertures of tho whool, in exporiment 80, uccording to 
the hypothesis in art, 83; tho stops in tho caloulation for which, are given in 
lablo VIL. In the formula 


twdlr, 


alae 
we have for this case, 
O== the ordinate measured on tho ave of a circlo the radius of which ix 2’; 


‘ its soveral valuos avo given in column 10, 
R= the distance from the contre of the wheel for which the ordinate is 
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computed ;—its soveral values are given in inches, in column 1;—to 
compute the valuo of O in fect, 2’ must be taken in Loot. 

== the angwar velocity. In experiment 80, the velocity of the ‘outside of 
the wheel was 19,711 fect per second, and the radius of the out 
side of tho wheel is 4.669 fect, consequently, 

oe BT = 422117, 
Aif= the volumo of that part of the space between two adjacent buckets, 
included between the outside of the wheel and the radius Ry —its 

several valuos are given in column 9, 

Q’ = the quantity of water discharged, per socond, by each orifice in the wheel, 
In experiment 80, we have, by table VI, the total quantity dis. 
charged == 112.996 cubic fcol por socond, and og there aro forly 
orifices, wo have 

: Qt HAPS = 2.8240, 


4 ¢ 


In figure 2, plato IX, the buckets and guides are drawn to o scalo one 
fourth the {wl size;— the radius of the are AB == R= 56.028 inches, To find 
tho limit of the stream on the side BC the ares JZ, KT, oto, WC, ato drawn: 
with the radii 65 inches, 64 inches, ete, 47,922 inches;— the arcs WI, GH, ote, 
OG, being taken from column 10, equal to 0.415 feet, 0.796 fect, cte, 2.748 Loot; 
the points 2B, 7, 1, ete, € boing connected by suitable lines, determine the limit of 
tho stream on that side. The limit of the stream on the other side is found by 
muking the ares Fis LI; TM= OK, cic, CD =="0N;—the points A, L, MU, ate, 

oe boing connected by suitable lincs, determiffe the limit of the stream on that sido. 
a By an oxamination of figure 2, it will bo seen, that the acction of the stream 
just after it has entered the whecl, is sensibly greater than the section of the 
siream as it loaves the guides, and that, consequently, if the stroam flowed 
according {o tho hypothosis, there mast havo been a suddon chango in tho 
velocity of tho walor, causing a shock, which, according to the common theory, 
implica « loss of power, This indicates a defect in the design; novertheless, the 
success attonding this first essay, on a largo scale, of a centro-vent waterwheel, in 
which due yvogard has been paid to accurnoy of construction and perfection of 
workmanship, guided by such light as the present imperfect thoorios can afford, 
ought to encourage us to hope, that, when it has reovived the same dogree of 
attention as tho turbine, it will not be much behind, that celebrated motor, in + 
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PART Il. 


EXPURIMENTS ON THE FLOW OF WATER OVER WEIRS, AND IN 
SHORT. RECTANGULAR .CANALS. 


EXPERIMENTS ON THE FLOW OF WATER OVER WEIRS. 


120.° ‘Tne lows governing the flow. of water over weirs, havo received . the 
attention. of several distinguishod. engincers and men of science, among whom. may 
ho named Smeaton and Brindloy in England; Du Buat, Navier, D*Aubnisson, 
Castel, Poncelet, Lesbros, and’ Boileau, in. Franco; and Eytelwein and -Woisbach in 
Germany, A. proat number of experiments have been made and recorded; the 
eulior ones rude and imporfect; the Inter’ ones, particularly those by- Poncelet, 
Teshyos, and Boileau, with a perfection of apparatus previously unknown. 

Thore has been in this: branch. of hydraulics, as well as in others, a steady 
advanced with tho accumulation.of oxperiments and the improvement of the means 
af observation ;. the result, however, of these numerous: Inbors, is. for from. satisfre- 
tory to tho practical engineer, On -a careful review ‘ofall that has been done, 
he finds that tho rules given for his use, are founded on the single natural law 
governing the . velocity of ‘fluids, known’ as the: theorem . of “Torricelli; omit- 
ting, .in- consequence, of the extreme: complexity of the subject, all consideration 
of many other cireumstances, which, it is well known, materially affect tho flow of 
water through. orifices. . He finda also that it has been attempted to correct. the 
theoretical expression thus found, by coefficients obtained by comparing thé results 
iderived from it, with. those. furnished by oxporiment; but when he'.comes to 
‘investigate these, experiments; even after rejecting all oxcopting ‘those..made. with 
tho greatest. care, and with apparatts capable: of insuring the groatest: “precision, 
he finds such discordances in tho. resulting coefficients, that he loses all hope of 
arriving at correct results when he applies them on the great scale. They. will 
undoubtedly furnish sufliciontly acourite rosulis, if the apparatus used is a repro- 
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(uetion, both in form and dimension, of that used in the oxperhuents; bub this 
is seldom atlainable, the oxperimonts having been made on auch @ ntinule nal, 
Boileau, in discussing tho various formulas that have been proposed, points ont 
many of their defects, and has himsolf proposed a now one, coupled, however, 
with some special conditions in tho form of tho weir, and tho modo of talking 
the depth upon tho sill, 

No correct formula for tho dischargo of water ovor weirs, founded upon natue 
ral laws, and including tho socondary oflects of theso Jaws, being known, wo muet 
rely entirely upon oxperiments, taking duc cara in tho application of any formula 
deduced from thonco, not to depart too far from tho limits of the oxporiments on 
which it is founded, 

Engineers have gonerally agreed that tho most convenient form of weir for 
gauging streams of water, is one which is cub in o vertical plana side of w& rerun 
voir, the sill being horizontal, tho sides vorticnl, nnd the contraction complete. — In 
order that the contraction may bo complolo, tho sill and sides of tho woir mul 
be so fir vomoved from tho bottom and Intoral sidos of tho resorvoiy, that thoy 
may produce no more effect upon the discharge, than if they wore removes o 
distance indofinitely groat; also, the aporlure mual bo effectively tho samo, as it 
cut in plate having no sensible thickness. ‘Tho condition relating to tho din 
tance of the bottom and sides of ‘the reservoir, can acldom bo alriutly compliad 
with, whon gauging Inrgo stronams of water; it iy found, however, thal, when the 
sill is at a height abovo tho botlom of the reservoir nol less than Lwice the 
height of the wator above tho sill, and the sides are romoverl a distance at lost 
oqual to the height above tho aill, a correction free from serious arror oan “usually 
bo medo for the oflect of tho velocity of tho water approaching tho woin The 
condition that the aperturo shall be offectivoly tho samo as if ont in a plute 
having no sensible thicknoss, is usually moro casily complicd with, ‘Tha ofvet of 
the contraction is such, that the water has a alrong tondency to leave the bollamn 
and sides of the aperture for a certain distance, and ¢o toush tho nporture only 
at the upstteam edge; if, howovor, the thicknosa of the plank or other matoriul, 
exceeds a cortait amount, (depending upon the ‘dopth flowing over,) the water 
will follow the top of tho plank; in this cago, all that is requisite ig, to ant 
away the downstream aide of the weir at an anglo of, say, foriy-flvo or sixty 
dogrecs with the horizontal; loaving horizontal, only a small part of the thick 








* Jaugaage des cours @eau « Juille ow a moyenne sootion by M. P. Boiler (Paria: 1850); or Journal 
de U Boole Polytechnique, No, xxxiti. 
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ness of tho sill, It is essential, however, that the comers of the sill and sides 
of the weir presonicd 10 tho stream, should be full and sharp, and not rounded 
or bevelled in any degree, 

121. Two modes presert thomselves for studying, experimentally, the laws 
governing tho discharge of water over weirs Jrs/, that which has been uni- 
formly adopted herctoforc, namely, to obtain by direct meastirement the quantity 
of wator discharged in a givon time, through an aperture of known dimensions; 
this is ovidontly the only mode of resolving the question completely. ‘To per- 
form ihe cxperimonts, howover, upon a scale of magnitude corresponding to the 
ordinary practical applications, usually requires an apparatus of great cost, and such 
as id beyond the roach of most experimenters. Tho great diffoulty is, to obtain 
a suitable basin, in which to make the direct measurement of the quantity dis- 
charged by tho weir 

Tho second mode dispenses with a direct meoasuroment of tho quantity. If 
we havo Wo weirs of tho samo form, but of different lengths, and wo know that 
tho quantitics of water dischargod by thom, in cortain ciroumstances, ate oqual s 
Knowing algo the dopth upon the sill of cach weir, we have tho data for an 
equation by which ono unknown quantity may be determined. Noither the 
cocfficiont of contraction, nor tho absolute dischargo can, however, be obtained 
by auch an oquation, 

122, Tho discharge ovor woirs is commonly assumed to vary as the square 
rool of the third powor of tho depth; lot us suppose it 10 be unknown, and 
oqnal lo a 

Suppose also Z tho Iongth, and & tho dopth, on ono of tho woira; and ?’ and 
W tho corresponding dimensions for tho other weir; @ a constant cooflicieht; 4 
the quantity which, by hypothesis, is the samo for both weirs, Assuming,’ adeord- 
ing to tho common formula, that tho quantity ia proportional to tho length of 
the weir, we have 

Q== Cih'; 
Q== CUM; 


consequently, 
Olt == OV"; 


hye 0 
(@) =7 
taking tho logarithms, we have 


a (Log. 4— Log, i’) == Log. 2’ ~ Log. 7; 
10 
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therefore, ear 
og. Ting. 


= Log hm Log A 


Wo can thus, by means of two exporiments, determina the powor of tho 
depth which will lend to identionl quantitios in tho computed discharge of the 
two weirs, ‘ 

123, It is assumed in the above equations, thal the quantity discharged by 
a woir is divectly proportioned to its leugth; this, in weirs having completo cou 
traction, is, however, known nol to be truc, in consequenee of the contraction 
which tokes placo at {ho onda of tho weir, ‘Chis contyagtion diminishes tho dis. 
charge. When the woir is of considerable Iongth in proportion to tha depth of 
the water flowing over, this diminution is evidontly a constant quantity, whatever 
may be the length, provided the depth is tho same; wo amy, thorefore, assume 
that the end contraction effectively diminishos the length of such weir, hy a 
quantity depending only upon the depth upon tho weir, Tt is ovidont that the 
amount of this diminution must increaso with the depth; we are unuble, howe 
ever, in the present stato of the science, to discover the Jaw of ita variation; 
but exporimont has proved that it is very nearly in divect proportion to the 
depth, As it is of great importance, in practionl applications, to have the fr 
muly ag simplo as possible, it is assumed in this worl thet the quantity to be 
subtracted from the absolute longth of a weir having complete contraction, to 
give its effective longth, is directly proportional to tho depth, UL ia also asaumed 
that the quantity discharged by woits of equal offvelivo Jongths, varica according 
to 4 constant power of the depth. There ix nu reason to think that oither of 
those assumptions is perfectly correct; it will be seen, howovor, that they lead to 
results agreoing very closcly with oxporimont, 

124, The formula proposed for weirs of considerable longth in proportion lo 
the depth upon thom, and having completo contraction, ig 


Qs O(d— bah) hts" 
in which 
Q== the quantity discharged in cubio {cot por socond, 
C= 0 constant coofficient, 
¢== the lotal length of tho weir in feat, 
d= constant coeflicient, 





* This formula was first suggosled to the author by Mr. Boyden, in 1846, 
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aoa the number of end contractions In a single weir having complete con 
Waction, x always equaly 2, and when the length of the weir is equal to 
tho width of the canal leading to it, w= 0, 

A== the depth of wator flowing over the weir, taken far enough upstream from 
the weir, to be unaffected by the curvature in the surface caused by the 
discharge, 

== constant power 


The cocfliciont CG can be dotermined only from experiments in which the 
actual discharge is known; tho conslants, @ and & can, however, be determined 
withowl knowing the actual discharge in any particular cuse, 

Tt hos been stated ‘that the proposed formula is applicable only to weirs 
having « considorablo Jength in proportion to the depth of water running over 
then. It is found by experiment that, when the length equals or excoeds threo 
times tho depth, tho formula applies; but in lengths less than this in proportiori 
to tho depth, tho formula canuot bo used with safety; the orror increasing as tho 
relative length of tho weir diminishes, 

W is evident, from tho construction of tho formula, that ib cannot be of gen- 
eral application, The factor J—nk represents the effective length of the weir; 
if d==bnh this offective length becomes 0, and the formula would give 0 for 
thy discharge, which is absurd; similarly, if da%> 4 the discharge given by the 
fomuula would bo negative. In weirs of very short length in proportion to tho 
depth, the efeeb of the ond contraction cannot be considered as independent of 
tho Jengih, Tho end contraction influences the discharge to a certain distance, A, 
from the end of a weir; if the wholo length of the woir is greater than 2 4, 
the effuel of Ute ond contraction is independent of the longth; but if the longth 
is lows than 2A, tho whole breadth of tho stream is affected in its flow by the 
ond contractions, and, consoquontly, tho proposed formula would not apply. 

In practionl applications, this will scldom be an inconvenience, ag ib is nearly 
always practicable so to proportion the weir, that the Jongth may nob be less 
than three times tho depth upon it; if, howover, there is no end contraction, tho 
proportion of tho length to tho depth is not material. 

126, ‘The author has made numerous exporiments on tho discharge of water 
ovor woirs, according to each of the methods described above. 

First, those at tho Tromont Turbine, and at the centre-vent wator-wheel for 
moving the guard gates of the Northern Canal. In none of these experiments 
hax any attempt been mado to mensure the absolute quantities flowing over tho 
woirg; but simply to cause quantities of water known to be equal, to pass over 


A 
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weirs of different dimensions, noting the depth of water und Teng! hoof welt in 
each case, From these data, av is explained above, cortain ficlor In the formula 
oan be determined. 

Second, those at the Lower Locks, in whieh the abaolute quantities passing 
over weirs of known dimensions, were moasurad dircetly, 

As each of those ihyco gots of oxporiments were made with difforont appara 
tus, they will be described separately. 


EXPERIMENTS MADE AT LUE TREMONT ‘TURBINE, ON THE FLOW OF WATER OVER WEIRS, 


126, he apparatus constructed to guuge the water discharged hy the ‘remant 
Turbine, with some modifications, was used for the experhuents ou the dixelurge 
over the weir; for a general deseviption of this apparatus, seo arta 1, df, and dG. 

The experiments consisted in allowing a quantity of water, of unknown vol 
umo, to onler tho wheelpil, through the turbine, tho regulating gue of which 
was sufficiontly opencd for the purpose, This volume of witor was then eaned 
to flow over woirs of different dimonsiony, and the corresponding dopth on the 
weir, assumed by tho water in each oxporiment, was noted after the wator lid 
arrived at a uniform state. 

The experiments aro divided into series, in cnch of which the rogulnting giua 
was unchanged throughout, so Uiab the apertures through which the waler ontered 
the wheelpit remainod constant during onach series, 

Some variations necossarily occured in tho head acting upon thoso orifieas ; 
thoy were small, however, when compared to the whole hend. The dopths eu 
the weir havo been reduced, according {to well-known principles, to what they 
would have been if the head had beon constant, ‘Tho loakago of the whoolpit 
also xvendered snother small correction nocessary, After tho corrections are mnie, 
we havo in cach soxies a collection of exporiments iu which Ute quantity dis 
charged ig.,,the same, and wo have also tho requisite dimensions of the dit arent 
weirs, Thoso data,if porfoctly accurala, aro sullicient to onable ux lo dotermbue, 
in the proposed formula for the dischargo, tho values of tho conatatla @ und 6, 
It is nob to bo presumed, howover, that tho data aro perfeotly correct, bab we 
can, at any rate, find tho valucs of .@ and that will givo the amost uniter 
resulls lo the computed discharges in all the experimonts in a series; the netual 
discharge being, by hypothesis, a constant quantity, 

127. Some additions to the apparatus used in tho experiments on tho tam 
bine were made for the weir oxperimonts. Tho partitions, represented by figures 

‘ 
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5, 6, and 7, plate V., wore provided for tho purpose of shortening or subdividing 
the weir, ‘They wero mado of wood, faced on part of one side with plates of 
shooldron @, 4 of an inch in thickness; the width de was about 15 feet; the 
iron plato was two inches less, One side of the timber P, figure 2, was in the 
sumo vertical plane as tho upstream edge of the weir Z When the partitions 
wore placed upon tho weir, the top of thom was supported by the timber P, 
and the bottom by tho plate of iron a, which rested against the weir. Flash- 
boards, represented by figures 8, 9, and 10, plate V., wore also provided to closo 
up portions of the woir; these, togelher with the partitions, were maintained in 
their respective positions, simply by the pressure of the water against them. 
Wherovor loaks appeared at the joints of the partitions or Mashboards, they wore 
stopped with great caso and effect, by a little dough made of unbolted Indian 
meal, a handful of which was drawn over the upstream side of the joints; of 
course the orifices closed in this manner wore very minute, In plato X, all the 
modifications of tho weir produced by changing tho partitions and flashboards, ave 
reprercntod; tho soyoral figures are referred to in column 8, table X. In tho 
grentor number of the oxperimonts, two or more spaces were used at tho same 
lime; they wore always of very nearly equal length, so that tho Jongth of eavh 
may be obtained by dividing tho whole length of tho weir given in column 6 
hy half tho number of end contractions given in column 7. 

The brackols JV, figures L and 2, plate V., were placod on the downslreun 
silo of tho welt, to support a board on which to stand for the purposo of 
adjusting the partitions and flashboards, ‘Tho top of the board was about 9.6 
inched below the top of the weit, In some of the oxperiments, a part of the 
shot of water fell upon this board; in experiment 50 it was moved nearer ‘to 
thy weir, Ko thal the entire shoot of water fell upom it, but without jiroducing 
any sonable affect upon the discharge, In experiment 61, a three inch plank 
was placod on the top of the board, as is represented by tho dotted lines ab 
O, figmve 2, plate Vi; tho offect of this obstruction, as indicaled by the ineveased 
depth on the weir os measured by tho hook gauge, was, to diminish the discharge, 
with the sumo dopth on tho weir, about a9. 

It is to bo vegrettod that tho casting forming the sill of the weir, was not 
plmod on its wholo height on tho side J7Q, figure 4, plate V. When: tho weir 
was crocted no thought was entertained of using it for thoso éxperiments, 
roquiving, ax they do, to be of value, to be freo from all disturbing causes, The 
disturbunce caused by the projection at J; can, however, linve beet scaxecly sonsiblo. 

128, Tho data furnished by obsorvation, togethor with the necessary reduc-* 
tions, mul tho results deduced from them, aro contained in table X. Most of 
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the columns aro sufliciontly. explained by the respective nouns saverel af then, 
however, require farther oxplanation. 

129, Conuaun 11. Fall affecting the leakage of’ the heel This is obtained hy 
adding togethor. the corresponding. numbers in. culumns 9 and 10. 

180, Conmam 12. Depth of water on the weir corrected Jor the leakage of the 
wheelnt. This is obteined in-the following manner. 

Tt was cloay, from the construction of the wheelpit, (art 28,) that nearly the 
whole of the’ leakage. passed through the wooden flooring, and that all the. orifices 

* through. which it passed were constantly below tha surface of the lower. canal, 

Tn the constriction of the whoclpit, no pertivalar precmutions were taken to pre 
vent © fice, communication from the bottom of the wooden flooring. to the lower 
canal; and as-the amount of tho leakage was very small, nad the mnterial, fine 
sand free from large. springs, it is clery that the wator could heave had ne 
appreciable obstruction after passing through the Nooring, exeopt from tha pressure 
of the water in the lower canal, This being tho case, the amount of the leaks 
age: would depend upon the head; or, in other words, upon the height from the 
surface of the water in tho wheolpit, to. tho surface of the water iy the lower 
canal, Let : 


== the quantity of water leaking out of tho wheelpit, in wubie feet per 
second, , 
A,A',A’; ote, = the areas of the several orifleos throngh whieh the water. pnssed, 
0,0',0", eto.=the ‘corresponding cocffivionts of contraction 
A= tho “head, or tho height. from the surfieo of the water in the Wheel 
pit, to the surface of the water in the lower cum, Chia head 
applies to all the ovifices,.as they. de all below. the suey of 
the. water in- the lower canal. 


De a4 V2gh--O'A Vgh- AN 2Gh-|- voles 
Be(oa4 Oa - OA" ate,,) Vogh. 


The aveas A, A’, AY, oto, ave constant, as are itso the osifficluiits 7,2", oto, the 
variations in ‘the hend- not being. vory: great, Lot 


. ox OA-b OA + OA" Loto. 
phen Pos 
L=oVigh=eV 8g Vi. 
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The firetor e V2y, being canatinie can tia cistampntied by: an experiment in which 
Zand h ave known. ‘lo determine’ this SOREL, the following experiment was 
mace: 

The weir was closed up by the flashboards, and made tight in the usual 
manner, so that no appreciable quantity. passed over the weir; the head gate 
was closed, and the small ‘quantity Jenking through it was caught in..the leak’ 
box and carried over, the weir in the leak pipe (art. 24). The water in the 
wheelpit having then no supply, its surfice began to lower; in consequence of 
the leakage through the doer ; whilo thus fallixig, the following obsérvations “were 
made, ; 


February 5, 1851, at ‘10%, 20’; 80’, acm, the height of tho water ME gett 
in the wheelpit above. the top of the = was. os ue. (0,506 feet... 
Andiat 11", 1, 46", acm, the height was... ee 0.896. “« 


Consoquently, tho surface of tho wator in. the wheelpit lowered 
in. DANO aN a es Ma a ae ble a 0,200 fect 


The avea of the surface’ of the water in tho whoelpit, after. malting the 
proper deductions, was about 506 square fect ; consequently, 


pes 506K 02 


L == —y ing == 0.0409 cubic feet por second, 


During tho interval of 2476 seconds, the mean height of the water in the: - 


Jowor canal was 1.2316 feob below the top of tho weir, and the monn. height in 
the wheelpit, during the same period, was 0496 fect nbove the top: of the went, 


then 
A= 1.2816 -- 0.4960== 1.7276 feet: 


Substituting those values of Z and & in the equation 
Lea VagVho 


we have ; 

o Vag == 0.08112: 

consequently, OY oad j ee ab 
 L= 008112 Vi: ; 


To find the depth on the weir, covrectod for the leakage of the wheelpit, let 


XW == tho depth on ‘the weir by observation, 
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‘If == the depth on the weir corrceted for the leakage, 


I== length of tho weir, - 
Q==the quantity passing over the weir, Lhe dimensions being all in feat. 


We have @+L=tho total quantity entering tho wheelpil, and whieh would 
have passed over tho woix, if thoro had beon no lenkago ont of the wheelpit, 
To dotermino the corrected depth, it ia necessury to asatmne some formule 
giving nearly the relations between the quantities 2’, 7% and Q Tet us uso thot 
given by Lesbros" for a dopth of 0.20 metros and completo emiraation, which, 
whon reduced to the English foot as tho unit, and adopting our own nolation, is 


Qa=3.12U"; 
we shall have also 
Q-- b= 3.1900"; 


hy subtraction 
Teas 8.120 — 8.1900", 


from which wo dorivo foci 
W(t gin)! 
or substituting for Z its value 0.08112 V2, wo 
py, O0BLI2 VA \F 
Pe aig ‘) , 
By this formula, the reduced hoights given in column 12 have heen ablulned, F 
131, Convun 15, Full from the surface of water in tho forehay, lu the muface of 
the water in the wheelpt. This is obtained by talking the difference of the cor 
responding numbers in columns (8 and 14, 
182. Conus 16. Uniform fall from the forebay to the wheel, to whivk the depths 
on the weir in cach series are reduced. ‘Tho {wll in tho same sorios givon in colunm 
18, which is the nearest to the mean fall in all the experiments in tho soriea, 
is assumed for this purposo; it is unimportant what full is inkon, provided it ix 
near the mean. 
138, Conway 17, Depth on the weir corrected for the leakage of tho wheelpit, and 
the variation tm the fal. Ib must bo recollected that all tho exporinenls of each 





; é 
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aerics, were made with the same opening of the regulating gate of ihe turbine; 
that is, tho areas of the orifices through which the water ontered tho wheelpit, 
were tho same in cach. In all tho experiments, a small quantity of tho water 
eniering the wheelpit, passed betwoen tho gate and the lower curb, in consequence 
of the leather packing not being perfoctly adjusted; this did not affect tho rosults, 
however, as these orifices were also submerged in the wheclpit, Under these cir - 
cumstances, if the hoad had been constant, the quantity of water ontering the 
wheolpit, would also have been constant; but the head was subject to a varia- 
lion, comparatively small cortainly, but sufficient to produce a material change in 
tho quantity of water entoring the wheelpit, and, conscquontly, in the depth on 
the weir, 

To cloar the results from this sourco of irregularity, it will be necessary to 
axcortain what tho depths on tho weir would havo becn, if tho hoad had beon 
constant, For this purpose, let 


JT== the constant head to which the depths on tho woir, in any particular 
Rerics, aro to bo voduced, and which varios but litle from tho actual 
heads in tho same series; 

J'=athe actual head in the particular experiment to be reduecd ; 

KY’ s=tho depth on the weir, corrected for tho variation of the head, or 
corresponding to the constant head ZZ; 

i’'== tho depth on tho weir corresponding to the head ZZ’, and which is 
the depth givon by obsorvation, correcied for the leakage of the 
wheelpit ; 

a qr=tho quantity of water, in cubic fect per second, that would ‘havo 

eutered the whoelpil, if the hoad had beon Z7;* 
g==the quantily of walor corvosponding to tho head JZ’, ond which is 
the same as Q-+2 (art, 180); 
i==tho length of tho woir; 
C==tho coefficiont of tho formula for the discharge over weirs; 
a,0,a",olo.stho avons of tho sovernl orifices through which tho water ontored 
the wheelpit, all of thom boing submerged in tho wheelpit; 
20,0", olo,== the corresponding coefficionls of contraction ; ‘ 


d ==caVlgll + ¢d V2gll’+-0'a! V2gH'+ ote. ; 


d= (ca-+da'-Le"a’-b-eto.) V2gH’; 
il 
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similarly 


“peated pep ote Mg 


hy division, 


¢., [M . 
. a Vw? 
+ also 
y= om and. g= anne 
whence, 
ps q _. pt my 

rio re 

therefore, . 


(E(k) oe (4) 
ara Sy 


. By. this Jast formula, the correotod dopths givon in column 17 have been 
ont pit 

- By .an. inspection of - column 48, it will bo seen that the level of tho wator 
above the wheel was maintainod throughout oach sorios with gront uniformity, 
excepting in a few exporimonts in which it was intentionally altered, ax will he 
seen presently, ‘The height of the water in the whoelpit necexsurily varied with 
the depth upon the woir,-and this is tho principal cause of the variutions in 
tho, fall. 

Several of the ienune givon in. tuble X, wero made for the express 
purpose of testing tho accuracy of tho method of reduction jugt deserthed. Thus, 
in experiments 41. ‘ond 42,'the weir was in the samo stato aa in. oxperimont 40, 
but. the height of the water above the wheel was lowered, and the diffurences 
in the observed. depths upon. the wwoir, given. in column 9, are to be attriluted 
entirely to the, diminution in ‘the quantity of wator ontoring tho wheelpit, in con- 

~ sequence’.of tho. diminished head. “If tho. method of veduetion ia acautate, how. 
over, the ° corredted. dopths in theso throo oxporimonts, givon in colin 17, should 
" be. the: same. 
: In table VIL, are collected all the experiments made for this chjeat, togather 
with the other experiments . forming part of the corresponding sorics, with whieh 
« they may, be aaa ‘the weir having been in, tho same state, 


whence, we derive 
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TABLE VIII. 





























Fatt from the Yarlntion in tho ait Yston in Pe oor 

Runiae furebiy to tho Correctot dopth from tho initial ited depth, from the 

f the whcetptt, ‘upon the Bo ale in oxperiment, rata gaperiment, 

cern, _ Feob. 

40 14.088 0.79096 

Al 18,554 0.79040 — 0.084 — 0,00047 : 

42 ' 18,149. - 0.78076 —~ 0.089 | 0.00120 |. 

49 | 18,904 0.95477 

62 18436 0.95380 — 0,468 — 0,00097 

58 12.062 0,95097 —~ 0,942 0.00380 

68 18.719 118177 . : 

Gl 12.806 1.12608 — 0.013 — 0.00660 - 

72 18,816 0.92170 

rh 18,815 0.0215 | 0501 —- 0.00025 

U4, 12,6665 0.92153 —~ 1161 —0,00017 








“Tt will be perecived that tho ‘variations in the fall, to which. the method of 
reduction is applicd in these experiments, are, nearly all’ of them, ‘much’ greater 
than any that occu in the regular experimonts, This was. arranged for the pur- 
poso of applying an extreme. ‘test. to the method, Several of . the variations in 
the coyvected depths, are not within the limits of ordinary: observation ; several 
of them, howevor, are sensible, and. boing all in the same direction, they’ cannot 
bo attributed cntively to errors of observation, but, in part at lonat, to. cither o 
slight defect in the method of reduction, or to the instability of the: appiiratus, 

Tt was observed during. tho course of ‘the experiments, that the quantity. of 
water ontoring the wheolpit, somotimes diminished, sensibly, ‘although ‘no. change 
had been made in the height’ of. tho rogulating. gate ;. the precaution having been 
takon lo fix, in a secure manner, the apparatus by. which’ the’ gate, was ‘moved. 
_ At the time tho experiments were “made, ‘this change was attributed ‘to tu miniiite 
lowering of tho gute, tuking place vory slowly, ond arising from. a. defect in the 
stiffness of the apparatus, aided by a. slight, but not ‘totally: insensible vibration 
of the whole apparatus, caused by the passage of ‘the water through the aper- 
tures. To show how. minute a change in’ the height of the regulating gate, 
would produce the observed changes in. the quantity, let’us take the two.. first * 
experiments given in table TX, The regulating: ‘gate was ‘raised to a height not. 
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exoceding 0,01 fect; supposing ib to have heen at jusb that hoight, and thet 
any change in its height would have produced an onal proportional elango in 

the discharge, the observed proportional change in tho quantily was 0.00040 
consequently, the absolute chango in tho height of the gale must huve been 
0,0000046 feet. 

. In ordor to provent this souroe of inrogulavity from aflecting the experi 
ments, the regulating gate was usually sob sumo hours before the experiments 
were made, This probably obviated the difficulty in pari, but nob entirely, as 
will bo seen by tablo IX, in which aro colloctod all tho expeximents thet were 
repeated under identical circumstances, 


TABLE IX. 


ve enenrennsertneratenatate net - 











Sins Hind Jind elapast 
' va et 
vagater | unt Joop een) en | eg” |e 
oxperlinont mont, In teats entered Hie whowiplt, 
Jlontn. Minutes 
0.19577 ome 0.00006 oom 0.00040 
0.28886 He ea 0 pp 
0.28506 -+-0,00119 [0.00704 1 a1 
0.29223 oe ea Kod 4 ii 
0,291.66 —~ 0.00057 ee (O21 b ao 
0.20210 =~ 0,00018 wow 0.00067 0 8 
1.06582 sees ie a 1G 68 
1.06648 10,000.16 -{- 0,00028 Ww ol ee 
0.79190 eas Snibatteas he 8 on 
0.79006 ~~ 0.00094 om 0,00178 8 ol 
0,95056 see ee yes 5 wo 
0.06477 ~~ 0,00179 ome O,00281 6 40 
1.18856 ea tee Sods ibe 2 an 
1,19806 0.00080 vee 100006 eH] a 
118177 om 0.00179 wwe 000287 4, 8) 
1.00858 ae toe rr i] 08 
1.06272 vn 9.00086 moe O.O0LRL 8 Ag 
Memn proportional change in the quantity, neglecting 
tho signs, ss ee ve ee ee ee 0.00208 
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Although the variations in the dopths given in tho preceding table aro very 
small, tho fact that they aro nearly all negative procludes the iden that they are 
entirely due to orvors of observation; we must, therefore, attribute to some other 
cause a portion of the irregularity. 

184, Conuan 19, Combination of caperiments used to determine the value of a Tt 
has been shown (art. 122) how, by means of two experiments in which the * 
quantitios passing over different weirs are equal, wo may determine @ in the 
formula 

Q= Clit, 


Wo now proposo to show how, by means of two such oxporimonts, the value of 
@ may be found in the proposed formula 


Q == O(L— bah) he" 


Tn this equation, we have d and a@ constant quantitios to bo determined; 
wo have alxo Ca constant, which we may here cousider as indeterminate; the 
same may be seid of @Q, as limited to the experiments in the same sericea, 

Tot 4 2, and f, voprosent tho Jongth of tho weir, the number of end con- 
tuactions, and the depth upon tho weir in one experiment; and 4, m, and /,, the 
corresponding quantities in another experiment of the same serica; wo have 


Q == C(1—bnh)ht; 
and 
Q=O(h— bah) hes 


4 


sinco for the same serics @ is constant, we have 


(J-— dah) k= (y— bghy) hy: 
talsing tho logaxithme, 


a Log. h-- Log, (-— dah) = a Log, hy} Log. (4—~ bm Ay) + 


whonce wo dorive 
— L0Re (fmm by) — Tog (bak) 
WS Log hm Log Jy : 


This equation is still indoterminate, but can bo rendered doterminatc, by assuming 


a value for 4 

If tho formula vepresents tho true law, and the experiments from which the 
values of the constants aro to-be derived are porfectly accurate, the particular 
combination of oxperiments to be used is evidently unimportant, As such an 
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assumption would be vory unreasonable, wo have combined the experiments, with 
a view of obtaining the best approximation from imporfoot dite; and this woe 
have accomplished by solecting oxporiments the most romote from each other in 
“the valucg of the respective data thoy fumish; thus, in series T, the combi 
* tions are made ‘by combining experiment 6, in which 7 hay tho least, and, cou 
“sequently, 4 the grontest value, with each of the others, omitting entirely all. the 
experiments. which, for any reason, appear to be unsuitnble. 

Generally, in each serics, one oxporiment has beon repented ax a text, in 
order to show if any, chango had taken placo in the apparatus; thus, ii sorter 
IIL, experiments 16,°20, and. 24, were made, so fir ag is known, wider identiol 
ciroumstonces; in such gases; moans. deduced from tho repeated exporiments linve | 
been used instead of making a separate combination with ‘each, 

185. Conumys numbered 20 to 25, Values of «@ whon b= 0.07, d= 0.005, 
ote, “Cho object is, to find the values of @ and J, in tho formule 


Q== O(l—~dnh) i, 


that will give to the computed discharges in cach sovios the most wniform roxlty, 

For this ‘purpose, succossive. values of % avo assumed, and tho corresponding values 

of ‘a, determined, ‘Tho value of 4 leading to values of a heaving the least varl 

ation among thomsolvos, will evidently bo that most nearly fulling thia condition. - 
‘To aid in tho selection of tho proper valuo of 4, tho thle gives tho. differences 

between the values of @ deduced from ench combination, and the mean value of 

@ deducod from all the combinations, with tho same value of J, and the aus of 

these differences (having no regard to tho sign) aro also given, It will be seen 

thet ‘the sum of the differences is least whon tho valuo of ds 0,05, tho worres 

sponding mean valuo of a being 146094, or L47 very nonly; conseqnontly, to 

Tepresent the whole of the exporimonts with tho most uniformity, tho formule 

becomes ; 

Q= OT — 0.0624) a, 
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Tu oxperiments 2, 8, and 7, the eontiac- 
tlon was incomplete, ngs tho water fol- 
lowed the top of the weir, 


In experiment 16 the contiaction was 
incomplete, as the water followed tha top 
of tho weir. 





Tn oxpormonts 28 and 80, tho water 
flowing over the weir fell upon a bomd 
placed upon tho brackota JV, figwros 1 and 
2, plato Vi; in oxporlment 81 the bomd 
wag romoved. So fu as is known tho 
thico exporlmonta woo identical in all 
other respects, By compatung the coi 
rooted Qupths upon the wel given in eol | + 
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BXPERIMUNTS ON THE FLOW OF WATER OVER WEIRS, MADE AT TE CANTTOV ENT WHEE. POT 
MOVING TIM GUARD GATES OF THE NORTHERN CANAL. 


136, This, contre-vent wheel usually operates under aboub ton fot fill, and 
is of about sixty horse-powor under this. full. Ié was constructed from “newly 
the seme dosigns as the model centre-vent wheel, described in art, 100, and rep. 

-yesented on. plate VIT. For a general desoviption of the Guard Cates, sea val. Ly, 
page 775, Appleton's Dictionmy of Muchines, AMechumes, ote, Now Yorke: D, Appleton 
& Co,-1852.. . n 

A set of oxporimonts upon the power of this wheel was. made in 1848, in 
which the water discharged by tho wheol wax ganged ab a woir constructed far 
the purpose, below the whecl. ‘The fallowing experiments were made will the 

"fae apparatus, 

The. total Jongth of. tho wolr was 18,02 feet, which, for tho purpoxod of 
these  oxporiments, was diminished to 16.02 feet by two movable planks or pus 
titions, ono foot wido cach, the upstroam fees of which, when placed upon the 
weir, were in the same plane as the upstream fico of the weir ‘Tho form of 
the weir wassuch as to give complete contraction; it waa constructed of woudl, 
with the wpstream. face. vertical, The orest of the weir was formed of southern 
hard pine plank, four inches in» thickness; the top was 0.55 inches wide. uni 
bevelled..off on the downstream. side, at an angle of 40° with the vortionl; Uno 
ends-of the weir and the sides of the partitions «were of the same. form, + 

The bottom of the canal ot basin, measured near the wok, was about 672 

fect below the top of the. woir, ‘The water dischar god by the wheel passed to 
othe ‘basin’ through en irvegular and contracted. channel, soub in. rock, and confined 
‘by coment masonry, This basin was specially oxvavated in the rook, of hinge 
dimensions, in order that the water might reach the weir in a Kulliciontly» quiek 
state to. permit o .satisfictory mensuromont to be made; and also, forthe sume 
object, two gratings: were - placed . across. tho. basin, parallel to vench other, and 
about six fect apm the downatroam grating being about seventuen feat Grom 
the woir, The effect of thesa several precautions was such that, although the 
water escaped from the wheelpitin-a rapid and turbulent current, in the basin 
between the downstrenm., grating ; and tho weir, the. water was ues und feo 
from perceptible irregularities in its motion towards the weir, 

The depths upon the weir wore moasured by the hook gauge, deserihed: at 
art, 45, and peeatel Y fi aba 9, 10, and 11, plate TV.; this was placed in 
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the basin about. eight fect from the wor, in a box, in which the communication 
with the sutrounding water was maintained by a small aperture in the bottom ; 
the box and Hook gauge wero firmly attachod to a timber strongly bolted: to 
tho masonry forming ono side of the basin. ; 

The quantity of water discharged by the wheel is usually regulated by the 
head. gato, admitting the ‘water from the river into the forebay above the wheel, 
When it is desired to diminish the quantity discharged by the wheel, this gato 


is partially closed, tho effect of which is to diminish the fall ‘acting’ upon the | 


wheel; hut this method was unsuitable for. these experiments, on account’ of the 
gronb agitation in tho. forebay, produced by the full at the head gate. During 
‘these experiments, the head gato was fully opened, and the’ quantity’ of -water 
discharged by the wheel: was diminished by closing up a portion of ‘the spaces 
hetweon the guides, with pieces of wood. 


The wheel was: prevented from revolving by the’ brake of the Prony ayn 


mometer, The entire apparatus about’ the wheel remained unchanged throughout 
the four oxperimonts, excopt that the head gate was closed: on several. occasions, 


to enable tho partitions on tho weir to.“be moved. ~ This gate was large (fivo’ 
Toot xqtiaro,). and care was ‘tekken to keop it open to ‘its full extent, in all these 


experiments, 
The apertures through which the water entered the wheelpit being the same, 


the quantity of water discharged must: have been ‘uniform, if, the head acting . 
upon the orifices had been constant; small variations, howover, unavoidably occurred 


in the hou, for which it »was. necessary to. correct. the: depths upon . the weir 


This has. been dono in a manner precisely ‘similar to that. adopted ‘in. the expert 


yAunts upon the weir at the Tremont Turbine, described ‘at art. 183. war 
The wpertures in the wheel and between the guides, were -entirély submerged. 


Tho effective height: of the water \in the wheelpit was measured ing’ chamber  ” 


wonatrnetod for the purpose, ithe masonry. A freo ‘communication was inain- 
tained between tho’ water-in’ the wwheelpit arid in the chamber by an iron pipe 
bout 8.5 inches’ diameter — The aurfied of the: water in.’the. chamber was, in all 
the experiments, above the Jevel of tho top of tho apertures between the: guides, 


‘Tho height above the wheol was ‘taken in the forcbay nearly over the wheel, : 


the gauge being placed inva box in the usual monner;. tho zeros.of, thé’ gauges, 
at whieh both theso heights wore taken, were at the squnie level,’ eonsequently, 
the difference in the readings gave the fall acting upon the apertiires. : 


a 
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EXPERIMENTS ON PIU BELECT PRODUCED ON THE PLOW OF WALER OVER WEIRS, BY TILE 
HETGUL OF CIS WATER ON TG DOWNSTREAM SIDE. ' 


187, These were made at the weir at the contve-vent wheel for’ moving. 
tho guard gutex, with tho apparatus used in the preceding. oxperiments. 

A. singular phenomenon was. here produced, namely: » under:  portioulay cireun- 
stances, tho flow of water over a weir may be. tnereased by raising the height of the water 
on the downstream’ stile of the weir. Ovdinarily, when water flows’ over. weir. hav- 
ing contraction on the. bottom, the under side of the shect near the ‘weir, is 
elevated above the level of the top of the weir, taking o curved form; xrepre- 
sentations of ttis. curve. avo given in sevoral works, the most’ porfect of which 
awe by M. M. Poncelet and Lesbros," who ascertained ‘with great cave: the forms 
for sevoral depths upon the weir In such cases, tho spaco. between tho | sheet 
of water and the pluik. or othor material of which the weir is composed, is 
fled. with aie which communicutes more or less foaly: with the extemal aimos- 
phere. 

Suppose tho ath after passing tho weir, to full into a body of. water. of: 
considerable depth, in which tho natural level of the surfrco is not -very ‘much 
below tho top of the aveir, bub sufficiently so, as not sensibly to affect the dis- 
chirge, ‘he’ weir having complete contraction, the air will remain under’ the 
shoot, oven if the “weir jis of -very considerable length in proportion to the depth 
flowin, over, Suppose now, that tho communication of the air under tho.-sheet, 
yrith the external almosphore, is entively cut off by placing boards.on the’ down- 


stronm sido of the weit in contact with each side of tho sheat, or by other: - 


mens, the eflect. will ordinutly be, that tho air under the sheet will be wholly : 
ov partially duiven. out by. the. latoral communication of motion in fluids, onda 
purtink -vaenum: will boo produced, unless water takes. the plnoo of tho air that. is - 
dvivon out, Tn aither case, the equilibrium of ‘the atnospherie pressure on the 
upper auc Tower sides ol the sheot, will be destroyed, the pressure on the “upper 
sido propouderating, the eflect will be lo alter the form of the sheet, and to 
incronse tho diacharge, by tho operation of forces bearing some resemblance to 
the avtion in the well-known experiment. with Venturi’s tube, 

In the following oxperiments, . this effect was prodaoad, by. roising the level | 


oes CY 





* Kenertonces Hydeauliques sur les lors de Uecowlament, aie. Paris :.1832, Plate 6, 


100 EXPERIMENTS ON TILE FLOW OF WATER OVER WEES, 


of the water on- the downstream side of the weir, to a height a litte above the 
top’ of the ‘weir, in consequence of whieh, by the lutertt eommuniention af 
motion, the air was driven ont, and the flow over the web freilitated, 

During: -the . following oxperiments, the apparatus was arranged in the sn 


manner, as in. the preceding experiments, with these exeoptious, namoly: the prt 


titions were not used; the quantity of water entering tho wheelpit wos diminished 
by closing. up more of the spaces between the guides; the wheel wax entirely 
yomoved; and meung were provided for varying the hoight of the water on tho 
downstream. side of the woit 

The depths on the weir avo roduead in tho samo inamier to what they 
would have been, if the quantity of water entering the wheelpit, and flowing 
over tho. woit, had been uniform ‘The details of tho experiments uro given in 
table XII , 

That tho quantity of water ontoring the whveelpit changed only’ in a very 
small degree from any chango in tho apparatus, is proved by the dupthy upon 
the weir in experimonts 1 and 9% Tho ciraumetaneca in both haing tho sue, 
the corrected depth. on the weir in experiment 9, ts 0.0006 fect Tums than in 
experiment. 1, corresponding to. a ‘change in quantity. of about afy park A 
mean of the depths on the welr in these two exporimonta has been taken, with 
which to compare the othe experiments, 

Measurements were also tnkon of the thickness of the sheet, in the plana 
of the. upstream’ face of. ihe weit, ‘This was. done by" moans of a graduutod 
rod. terminating in a: fino point, and so arranged as to slide in. a -vortienl groove, 
supported from one evd of tho weir, ‘Lhese mensuromonts wore not taken will 
‘the same ‘precision as wore the depths on the weir with the hook gauge, pris 
cipally in consoquence of tho oscillations of the surface. 

Tn consequence of tho want of symmetry in the chanel carrying: of the 
water from the woit, the water on tho downstream sido did not asain. the 
same, height ot:both ends of the woir, Ganges wore placotat- both ‘onde, pro 
tected. ine considerable degroo ftom tho agitation of tho water immediately 
below the weit, and placed so ag to indicate tho hoight of the water a short 
distance downstream ‘from: the shoot, but the heights taken at these gouges hive 


“not the exactness of those taken with the’ hook gouge. There were also much 


greater variations in» tho height ‘of the water ‘during the cowso of an oxpori- 


“ment, than occured ‘on the upstream alde of the weir; somo of tha heights 


, Biven in column 9 may consequently ” be erroneous to tho extent of 0.02 Leot. 
The differences given in column 10, indicate the effect produeed on. tha dis. 
‘charge ‘by’ the. Relght of the wateron ‘the downstream sido, When ‘this height. 
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was about 38 inches below the top of the weir, the. effect was insensible. - When 
uhoub level with .the top of the weir, tho . obstruction was very minute and 
barely sensible. ‘When the height on the downstream side was about 2 of an 
inch above the top of the wot, (at which ‘height the airy did not remain under 
tle -sheat,) the inerease in the discharge is quite sonsible, the’ discharge’ with the 
sume depth being inereased about z}y. When the height ‘on the downstream 
bide is 1.25 inches above the top of the. weir, the obstruction is quite distinct, . 
nil it inereasos rapidly with the inerease of height, Rares ‘ye 
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EXPERIMENTS ON TUE FLOW OF WATER OVER WEIRS, MADE AT TUE LOWER 
LOCKS, IN LOWLIL, 


188. In tho yenr 1852, the author, in connection with James IF. Baldwin, 
Esq, the ominent engincor of Boston, Mnssachusotis, was omployed to ascertain 
tho amount of wator-power used by tho soveral monnfacturing companies at 
Lowell. In order to bo ablo to do this in a salishctory mannoy, il was found 
nocossary to determine anow the rules for computing the discharge of water over 
weirs of cerlain forms; and for this purpose an extensive series of experiments 
was made, with a very complete apparatus, and on a scale of unusual magnilude, 
Tho oxecution of these experiments was intrusted to the author; and Zhe Pro. 
pricors of the Locks anid Canals on Merrimack River, at whose exponse they were 
mado, have, with great liboralily, given tho author pormission to publish an 
accormt of them, 

189, The groat difficulty in this kind of oxporiment, usually, is to obtain a 
atilablo basin in which the water flowing over tho weir for a certain pertod of 
time may he actually measured, Fortunately for our purpose, the Lower Locks 
ab Lowell are seldom used, oxcopt during the high water in the spring, whon 
ruis can pass over the rapids in tho yiver below, Those locks woro rebuilt 
principally of wood, in (841, and at the timo when the oxperiments were made, 
they wero still in good condition; thoy however required somo alterations to 
adgpl them to the requirements of the experiments; which alterations, togothor 
with {ho entixo apparatus omployed, and the mode of condueling tho experiments, 
will now be dexeried, 

140, Vlate XT, figuro 1, iy a goneral plan of the Tower Locks and the 
vicinity, on a reale of eighty foot to an inch, A is tho lowor lovel of DPaw- 
ducket Cunnl; 7, tho Easton Canal; ¢, the Concord Rivor, which ontors the 
Memimack River ab about 1200 feet bolow the foot of the lock; D is the dam 
for discharging the surplus walter from the Pawtucket Canal into Concord River, 
posing through the wasleway 2; 2% tho Middlesox Mills, which aro carried by 
wator-power from the Pawtucket Canal, through the covered penstock 7; % an 
apparains oreolod for the purpose of gauging the water drawn by the Middle 
sex Milla, which was removed before these experiments wore made; 2 the upper 
chumber of tho lock, which was converted into the gauging basin for these 
experiments, and which is represented as it was before tho alterations were made. 
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141, Plate XI, zopresonts the gauging chamber aubsoquent ta the alter 
tions, on a scale of 10 fect to an inch, Figure 1 is a plan; figure %, a lon 
gitudinal section; and figures 8 and 4. transverso soctions, ‘The side wall A was 
built in 1822, of large and small, stones Inid without mortar; in order to onder 
the. lock capable of holding water, it is lined with planks about threo tichos 
thick, secured by tree-nails and spikes to wooden frames, which axe supported on 
the bottom by tho ‘carth and. some rough walls, and on tho sides by tha wide 
walls of the lock, As originally constructed, the planking wna fiustoned to poste 
resting immediately against’ the sido walls; but when reconstructed in 1841, the 
chambers, together with tho gates, were narrowed to tho width represented, which 
is about one half. tho former width; at that timo, also, the parts 222, about 
the hollow quoins, wore built anew in out granite, laid in hydraulic conent, 

To prepare: the chamber for these exporiments, tho upper sot of lock utes 
and ‘the’ corresponding mitre silld wore removed, and the woir ¢, plato XIL, 
figures. 1. -and, 2, constructed in place of thom; tho middle gatos were nlso 
removed, and the lower end of the chamber closed with timbers and ‘plank, 
aa represented at 2; in the lower. part of this timber works tha waste gute. A" 
avag. constructed, for tho purpose of drawing off the wator from the «chamber, 
after each experiment. 

Tho. construction of the’ wooden sides of tho chamber was auch, that when 


‘the chamber was. partially or wholly’ filled with water, thoy would yield a Title 


to ‘the pressure, and the capacity would, consoquently, be increased boyornd. what 
it-.was when. empty, which. waa necossarily the case when the dimensiuna were 
taken. To .diminivh, ns much as pyactionble, this. source of. error, the Infnecs 
were placed, across the chamber; just above tho waterline 2.7, nearly up “to 


which tho chamber was filled in. the: exporiments, . ‘Theso:. braces were paced 
opposite each’ side timber in the frame of ‘the. chamber, excepting at GC, whore 


a flooring of. thick plank,. put in for another objeot, answored the samo purporo ; 
afterwards,..cvery: accessible timber in the sides was strongly bracod: and keyed ‘up 
from the ‘side. walls, which was done with such forea, that the onda of tha braces 
# were indented. into : the planks forming tho sides of the chamber, Ab 20UZ 


where the apace. between. the. walls and. the planking was too small to admit. of 


the bracing, the’ spaces’, betwoon the timbers’ wore filled with small stones, dropped 


and rammed in. from. the: top. — These operations stiffened. tho sides. of the 
, chamber. so much, ‘that: ‘the comection ‘required: for the enlargement of the enpac- 


ity, of the chamber, in consequence of the yielding of tho. sidea, was very minute, 
All the. leakages that could be”. detected wore stopped “by. various contrivances ; 
the depressions i in as planks, about the heads of the spikes, were Aled up with 
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content; the sides: of. the planking towards the chamber were scraped, and. ron- 
dyred’ as smooth and uniform as practicable. 

A. part of the wall A was removed. at Z for the purpose of: discharging the 
water, flowing ovor the weir, directly into the wasteway, whenever it-was neces- 
sury to divort its flow from the chamber; ‘the floor @@ was continued through 
tho wall, as represented in figures 1 and 4, plate XII. 

342, Plate XII, figure 1, is » longitudinal sectional: elevation through the + 
middle of tho welt, showing most of ‘tho apparatus immediately comnectéd with 
it, A ig a plete of cast-iron forming the cxest of the weir; it is ton foet long, 
thirtoen inches wide, and an inch thick, accurately and smoothly planed.” in every 
part; the upper corner presented to the ‘current is square and ‘sharp, or as 
neatly so as castivon can be conveniently maintained; the horizontal - part of 
the top is 0.25 inches wide; the remaindor of tho top is, bevelled ‘off at an 
angle of 46°; this plato is secured to the timber work by numerous. scrows. 
with counterunk hoads; tho timber work is strongly bolted to tho granite hol- 
low quoina of the Jock, The onds of tho weir B axe formod of plates” of’ cust: 
tron, of similar section to the plate A, he whole upstroam side of tho weir 
forms a vertioal plano 18.96 foot in longth, and 4.60 feot’ in depth, from: tho top 
of the. plute A to the top of the masonry @} the upstream side of the ves 
J? aro also in the same vortical plano. 

D is the swing gato for admitting and diverting, at vil the stream — of 
water flowing over the weir, into or from the measuring chamber A PEP 
we leak boxes. or troughs, to eatol the Joakage by.tho edges of the: swing 
gate, when shut The water thus caught is conveyed to openings @, eut through 
th® plauking on cach side of the chamber, through which it is discharged, ‘thug © 
preventing any embarressinent from tho: leakage of” the ‘swing’ gate when. shut, 
ux ib dous not enter tho chamber 2 ~The swing’ ‘gate is suspended from the 
pivots 17; all. its parts are sade. as light. as practicable, consistent with the 
vequired stifhesy in order thas the time oconpied in opening or shutting ‘it may. 
ho ax stort as posible A very important part of the oxporiments consisted in’ 
detormining tho length of timo during which tho water. flowed into the ‘iiloas- 
wing chamber #;  thix was obtained by obscrving ‘the: time’ when’ the awing 
glo ‘wax opened and shut, which was done by an observer in tho bailding 5 
by. menns of tn electric telegraph and 2. marine chronometer, in ‘the: “following 
manner. The break circuit apparatus 7° is fixed in such a. position : that, when 
ono hilf only. of the stream flowing over the sveir passes. in 









thie “chamber, the 
cam £, attached to the frame of the swing gato, depresses the knob. ay repre- 
ld ee ; 
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sented in the plate, and breaks the cirouit of tho elootrio current in the wire 
IM; this causes sound to be mado. hy the call WY, in the mnall building J 
where sits tho observer with his eye on the elvonometer, . who notes the time 
when. the: sound is made; . the chronometer. used eats half seconds, but, by 
employing a practised observer, the time was noted to tenths of a second, the 
“error probably rarely exceeding two tenths of a second, The gate, with its 
accompanying apparatus, was balanced, so that it could be opened or shut with 
sensibly tho same amount of force; . this balancing. was done with the water flow- 
ing over the weir, and was done anow for each motorial variation in the quan 
tity. Toeach of the timbers O and 2, plato XUT, figure 1, was attached, by 
a. joint, a prop .Z, shown .at. figure 4, plate XII; the -prop at the timber. 0, 
foy the purpose. of retaining the swing gate in its. position when open, and the 


" other..at the timber Z, to retain it in position. when shut, ‘The movement of 
» the. gate was produced by placing weights upon tho frame at @Q-and 2, plate 
. RIL; where the gate is represented as at the middlo :point of its motion whilo 


suiting; the motion being produced by the gravitatio’ of tho woighty ab @. 
As soon: as the. gate is shut, tho prop 2, plate XIL, figure 4, is placed under 
the frame at R, plate XT, and. koyod up tight; the weights are then: takon 
off. at :Q; and. aboutthe same amount of woight is placed at 2; thon, whan it 
is: desired * to open: tho ‘gato, an assistant sttikes the prop from under 2? with a 
‘sledigé-hammor, when the weight at 2 causes tho gato to open; tho prop. is 
then immediately ‘placed under the ‘frame at Q To prevent injurious concussions 
from the action. of the weights, thick pieces of Indiarubber, operating as springs, 
were fastened on the underside of the frame at @.and 2, which, when tle gate 
attained cither of its extreme pontony, struck upon. the sneer OnanE stops” 
and f, aes 

* From the foregoing description of shy, abana bl the manner of operating the 
swing” ‘gate will -be xeadily understood. Tour assistants wore employed for tho 
purpose: Suppose ‘that the chambor is nearly flled,-ond that it is xequived that, 
when the Water: reaches: a certain height, the. flow of the water shall bo diverted 
from the chamber: one assistant, who has been watching tho riso of tho water, 
gives a signal’ when the: Water has reached the desired height, .at which the prop 


_ under: the frame ‘at Q-is “immediately knocked “away, the weights at @ cause tho 


gate to mave until, it strikes the Waly, . ox, the Indis-rubber springs strike the stops 
2 ‘at that ‘moment another assistant places tho prop “under 2, and tho flew of the 
water is diverted from the chamber ; ’ ‘another assistant. then changes the ‘weights, 
and thé» apparatus-is ready for: ‘the reverse operation by which” tho gate is 
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opened, Much time was ocoupicd in adjusting this apparatus so that the: eam L, 


plato XII, would strike the break. civenit whon the gate was in such a position — 


that ono half of tho water flowing over the weir passed into the chamber; and 
also, that the thno in which the gate moved through each half.of the thickness 
of the sheet, would be the same, It required a now adjustmont. for. each depth 
upon tho. weir Precise accurney was nob attained or: attempted, :in ‘any of these 


uljustmonts, ‘but suchen approximation was made, that itis believed.-that: the. 


errors urising from want of complete oxactness, ave entirely insensible in the results, 


148. The depths upon the weir were-obsorved by means of the hook: gauges 
7 and ¥, plate XIL, figures 1 and 2, and plato XLT; figure 1° “One of these 
gmiges. ix represonted in detail by figures 2,°8, and 4, plate XIIL, } the full size, 
They. were made by the. Lowell: Machine Shop. ‘This ‘valuable -instrumont has 
len sufficiently described in the account of the oxperiments on the Tremont 
‘Turbine (wrt 45), ‘Thoso’ gauges were placed in wooden’ boxes closed on all. sidos, 
excepting at the top; in tho bottom :of each of. which was a-hole about an 
juch. in -diamotor, and in that part. of the bottom projecting beyond. .tho «lines: of 
tho anol wally, due .caro being taken. that tho plugs, by which the holes. were 


partially closed, did. not project through the bottom... In the -experiments on. tho”. 


wor in which the ond contraction was suppressed, a communication was. established 
~ batwoon ‘the gauge boxos and tho canal leading to the weir, by. pipes: opening at 


By figures 8,9, and 10, plato XIV, .The -pipes opening near the bottom of the . 
cml, six fuct from the woir, forming part. of the system Jor talsing the heights 


at difwront distances from the woir, were also used in some of tho experiments, 
Tha Jioxos ware acourcly. fastonod to wooden posta in the ‘angles of the gate 


rdeavon; and the posts wore strongly fastened to the walls, by several’ iron bolts : 


dviven into holes drilled in tho “granite: stones for the’ purpose,” Ts was’ very 
importent that. theso gauges should bo immovably fixed, relatively to the weir 
Ib ta probable, however, that: thoy wore. not: perfectly firm. Diiring: the course of 
tho experiment, two, comparisons wore. made. of the relative heights of the gauges 
wut tha top of the weir; ono. on October 26th; tho other, November 8th, when 
there was found. to be. a sensible. difference. in. them, the. most probable onde 


of whieh was, that changes took place: in tho absolute height: of the. Bougos, 


that did not aMvet-the weir in the same degreo, It is difficult to, porveive; how 
the wor. could. chango from .o sottloment of tho. masonry, founded,...ds.i6 ds, on 
rock; tho walls. to which the gouges were attached, were. much. loss substantially 


butlt and. not founded. on. rock; it is. not impossible that changes: took place in 
tho’ tiniboravork. of the weir, by the absorption: of water, _motwithstanding it was 
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fixed in place severnl weeks before the experiments wera made, wilh ea view to 
its complete saturation, 

If the apparatus is eufficiontly stable, the comparison of. the hoights of the 
hook. ‘gauges with the top of the woir, can bo mado with any desired degree of 
precision: . For making. the’ comparison in these oxperiments, the following appara 
tus.was devised:: ‘The water being dvaivn out of the canal, tho top of the weir 
was inelosed in a watertight trough, containing only a small quantity of wator, 
bub sufficient to ‘cover the erest of the weir to a small depth; this trough was 
comecied with the hook gaugo boxes, by leaden pipes; the boxes wore xenderod 
water-tight by coating the joints with pitch, and plugging wp the holes fn the 
‘bottom; they were also carefully propped up, Tho communication being free, 
and the leakages very small, the water on tho crost of tho woir and in’ the 
boxes, would stand at the same level; consequently, all that vemained to be 
- done, wis to measure the height of the water with the hook geuges; and, at the 
same time, the depths wpon tho crest of tho woir, Tho monsuroment by the 
hook gaugea prosented no difficulty, as it required nothing more than ‘the ordi- 
nary uso of. tho instruments; To moasure the depths upon the crest’ of tho 
weir, had always been a ‘difficulty in. malkiig similar comparisons; to moot it in 
this oase, tho instrument, represonted at plato XIIL, figure 6, was devised. Tho 
points were’ numbered from 1 to 10, and .the exact height of each of them 
above “a horizontal plane, on which the instrument stood, was. ascertained, In 
uaing this: instrument, the water in tho trough was adjusted to a convenient level; 
the top of the wel was. divided into ten equal spaced; tho instrument waa 
placed upon one of them, and when tho water. becamo quite tranquil, the num 
ber of the point that coincided with tho surfhco was noted, and, at’ the tne 
moment, the’ heights ‘of ‘the water in the ‘boxes wore’ observed with tho houk 
gouges, “If (as was usually tho case) tho ‘suvfico of the water did nob oxuelly 
coitidide with sither of tho points, the true fractional aumbor wna toon hy -entle 
mation, ” “The adjacent points differed in height about 0.001 fect, and’ w fourth 
part of this qiinntity was sufficiently distinct ‘not to bo doubtful 

As nn’exiiiple of the precision attainable by tho uso of thia inatrumont, the 
following ‘vrestilts are given of the comparison of the north hook gouge with tho 
~ weit, made ‘during the night of October 26, by Mr, John Newell. Tho xesulls 
indieate. the ‘corrections to’ be applied to. the reading of the. hook gauge, to give 
“the true height of the surface of the water in the gauge box, above the ‘top - 
_ of the: weir, each result being o menn of eleven monsuremonts made at oquidis- 
tant -points on the weit, . : 
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By tho Ist trial, the correction was... 40... 5 —=0.08076 feet, 


«od ww We day oniposay « 
Bt ea ea ET  eogare 
Oo dth ee Os avo vecs.00p008 - « 
« Sth #  « © sci gt ot! e pre OOROTO #2 


Moat eB ys 0.08072 feet, 


‘the extreme variation is between the 2nd and 4th. trials, mounting to: 0.00064. 
foul, a quantity scarcely visible to the naked eye; of course, in the mean vosult 
of all the trials, the error of observation must be entirely. insonsiblo. 

Tt hog boen yemarked that the comparisons: made at: different times, did. not 
givo tho samo. results, ‘wo complete comparisons wero made, as follows: —_ 
























'. GORRECIIONS. 
path, HeSiseetece trees ae 
1802... North hoale gango. Bouth hook gauge, 
Peot, Wot. 
Octobor 26th. —~ 0.08072 mx 0.02786 
Novomber 8th, —~0,08250 ~~ 0.08060 


- Considering: tho caxo .with’ which these comparisons were. made, and ‘the per 
foation of the method, the differences cannot ‘be attributed to errors of observa-° 
tion, but, rather, to a want of stability. in. some. parts’ of the ‘apparatus. ‘The 
corrections determined October 26th, were used. in reducing ‘all the experiments 
aude: fram October 20th, to “November 7th, both inclusive; for. all: meet : 
gxperiments, the corrections found November. 8th wore used. . : 

‘Tho twenty-three experiments numbered fiom ‘1L' to 38, in table XI, werd 
male under cireumstances ax nearly identical. as practicable. They werd made at 
dilluvent times throughout the: course, for the purpose of neutvalizing errors of 
tho same class ax that just described, the resulting effects: of which ought to he | 
sliown by tho variation in’ the coofficionts deduced: from _ experimonts. made at, 
different times. ‘These experiments: are collected together 4 in the. following ‘abl i oo 
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Tho oxtrome variation is betwoon the experiments of Octohor 20th aul 20th, 
in which it, amounts to g}y. ‘Cho grentest difference from tho mean dedueed 
from all the 28 experiments, is in the covfficiont deduged from the exporiments 
of: Octoher 29th, in which it amounts to yfy: It is thir to. presumo that simi- 
lar inregularitios, ‘not. in any caso. much exceeding the above, and ‘arising princi 
pally from wont of stability in the apparatua, oxist in other parts of this series 
of experiments. ; 

144, The ‘capacity of tho gauging ‘chamber was obtained by measuring | its 
dimensions. Tor this purpose, horizontal lines wero traced on ‘the sides of the 
chamber at every. foot in hoight; tho widths wore thon measured at. vight 
angles ‘to ‘the sides, at points two fect apart; from these widths, artd othor necer 
sary measurements, the total area was obtained at each: horizontul seation, When 
these ‘measurements were made, the chamber was. of course empty, but when 
filled with’ water, its dimensions would evidently bo somewhat larger, in conxes 


_ quence ‘of the sides and bottom yielding to tho pressure, To ascertain whut 


allowance to mako for this, a systematic monsuromont was mado in tho Rpawed 
between the planking and the walls, both when. the chumbor was ompty and 
when filled to the usual height; similar mensuoments were mae for the hattom, 
by placing, poles vortically, vosting upon, and fastened to: the bottom; the elovi- 
tions of the tops: of these poles wore taken with a lovelling instrument, both 
‘whien the chamber was empty, and when filled, It was thus ascortuinod that the 
eapacity of the. chamber, whon filled with water to tho usual height, wes LLL 
oubic feet greater than when empty. 

Two’ persons mado independent measurements of the pnpacity of. the. chamber, 
the results of which differed ‘only about $ of oa cubic foot, a coincidence whith 
must: of course be considered as accidental The capacity! finally doterminod upon 


for 0.5 feet’ in height, (which was nealy the depth filléd in onch oxporiment,) 


aid: including’ the Salaresent resulting from. the prowsinre, was 1203818. cubio 





145, The, sriaes was nob quito watertight, but tho; amount of the Joukuge 
was détormitied: by noting the vate at which. the suvfacot of the wetex lowered, 
when, none was. admitted’ from. tho weir,” and. the : waste! gate wna closed 3. thts 
was repeated with the wator in. tho chamber. at different depths, Ib was thus 


_ found: that the. mean leakage .was’'0.085 eubio fot por -aecond; that: ia, tho 


product of 0,085 multiplied by the number of seconds that the water flowing 
over ‘the weir continued to enter the chamber during an experiment, must be 


“added '-to the quantity in the chamber at the moment. the water was divorted, 


in order to. give the trae quantity that passed over the weir in the snme time, 
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146. It was not convenient to ompty the husiben entirely after each experi- 
ment, but the heights of the water in the chamber at the beginning and end- 
ing of euch, wore ascortained with great accuracy by means of hook gauges, 
placed in the. boxes X and Y,. figures 1, 2, and 8, plate XIL, which wore’ fastened 
to a post strongly bolted. to the wall A, A communication was. established, at 
will, between the water in the chamber ‘and cither of the ‘boxes, by pipes and , 

“cocks, ‘The operation of taking the heights was ‘as follows: the chamber having 
been sufficiently ompticd,. the waste gate KX wag closed, the’ communication’ of 
the lower box. with. the, chamber was established, and when the oscillations in 
the surface had .consed, tho height of the water was taken; the. cook. was then 
shut, and a signal made’ for oponing the swing gate, When the chamber: had 
been filled; and tho flow: of. water into: the chamber diverted by closing the 

awing gate, the communication with the upper box was opened; when the oscil- 
lations had ceased, observations of the water were taken at. short and yregular 
intorvals, for. some minutes, the. time and height being noted... In consequence. of 

the loukage of the chainBor, the ‘surlice’ lowered slowly; and. the ‘continued, obger- 

vationa were made for the purpose of being able to infer the .oxact. height,-at 

which the water stood in! the. chambor at. the instant that. tho swing. gate .was 

shut, the. vory slow. rate ‘at ‘which the surface of tho water. in the. chamber 

lowored,. permitting this to be dono. with great precision. . For tho success, how- 

ever, of this operation, it was essential that tho timekceper used should agree 

with tho chronometer, by, which the times of. opening and. shutting. the .swing 
gute were noted; . it was accordingly frequently compared, and any Aitigreniaa 
nototh 

mm. 147. Plato XTV. ieinfecnts the. different forms at: weit. on ‘which experiments: 
were mado, All tho figurps are on the same seal, nut five foot to an. inch, 

Y gig the full size, i 

Figuro 1 isa longitudinal section, figure 2, 0 ‘las and figure 8, an eleva. 
tion of what we: call the ‘regular woir, that is, 9 weir in which the contraction. ix 
complote, both on tho enda and on the bottom. a 

Viguro 4 ds on clevation of a. woir of procisoly the same » form. as. that [ast 
doseribod, excepting that it is divided into two equal parts or bays by: the: ‘par 
tition, which ix two Loct wide, ‘The upstream side of tho partition is i the snme 
vertical plano ag the romainder of the weir, having no ‘bolt hends “Other pro- 
jeotion below the level of the surface of the water. 

Figures 6, 6, and -7, represent a weir. ‘of precisely. di 
first nbove described, excepting: that tho oe of = cana 


> 


js diminished. > : 









“form as that 
‘approaching. the. weit 





& 
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Tigures 8, 9, and 10, represent the sume woir as first above deserted, modi. 
fied so that the contraction at the ondy is suppressed, thot ix, the canal leading 
to the weir is of the samo width ax tho wei, ‘Theso figures also slow the 
apparatus usod to ascorlnin tho eflecl of taking tho dopthy upon tho woir at 
difforont distances from il, by means of pipos opening noar tho bottom af the 
canal. 

Figures 11 and 12 yvoprosent tho upper part of a dam, of the samo section 
ag that erected by tho Fysox Company, in 1846-8, across tho Merrhnack Rivor 
at Lawrence, (about nino miles below Lowell). ‘This imagnificent work hes an 
overfall 900 foot in length, the perpendicular fill being about 24 feat, This 
form waa exporimented upon, in order to obluin a formula lor computing the 
flow of the river over this dain, 


DESORIPEION OF TANT NIM. 


Containing tha dotails of the exparimonts on tha flaw af water over wotre, neue at tha Lower Locks, 
Lowell, in October and November, 1852, 


148. The columns numbered from 1 to 5, require no further explanation than 
is contained in tho respective hoadings 

149. Corvan 6. Duration of the experiment, This ia tho intervalsof time ding 
which tho wator flowed into tho chamber; it is obinined hy taking tho atone 
of the corresponding tines in column 6, ‘ . 

150, Con 7, Meu depth upon the weir by observation, Th was found impr wh 
ticable in many casvs, to maintain the canal ab a uniform height thronghout an 
experiment, although evory endcavor was made, Tor inslanco, no experimenta 
were made when the mills wore in operation, nor until some hours after tho 
usu) time ‘when they ccasod drawing water; this rendored it necessary ta po 
form ‘the oxporiments cithor dwing the night, or on Sunday; in congoquence of 
the Intoness’ of tho season, advantagd wns tnkon of both thoso opportunities 
When any chango was mado in tho level of tho water in tha canal, for the 
purpose of varying tho depths upon the woir, a considorablo timo was allowed to 
clapso before the experiments were rosumod, in ordor that the tovel of tho water 
might got woll established, Tn spite of all precautions, howover, variationa fro 
quontly occurred in the depths upon the woir, which, with the ordinary mode a 
taking an arithmetical mean of the several observations of the depth, woud have 
matorially affected tho nccwacy of the results; this difficulty was obviated in a 
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great degree, by tho use of a novel mode of obtaining the mean depth, which 
will now bo explained. Let 


i, i',}', oleh" represent the soveral observed depths upon the weir, the suc 
cossive valuos not difforing groatly from each other. 
t,0,2",0to.", the corresponding intervals of time botweon the several obsorvations; . 
Z, the sum of all the intervals of time ; 
Q, the total volume of wator actually flowing ovyor the weir in the 
lime 7; 
Z, the monn depth upon the weir that would discharge the volume 
« Q, in the timo Z; 
% the length of the weir; 
CG, a constant coofficient: 


wo shall hnvo, ovidontly, very nearly, 


Qa 4 OUT ot SE! ora oto. + fou: 


=", at" | 
Q= CUS PEALE lL oto, 4808): 


we havo also 


Q= Tol: 
whoneo wo derive, by substituting tho valuo of @ previously found, 
t. 4 det oy 4 em 
bo 1m na } 
Fe a an pe 


Ag on oxemplo of tho application of this method, Jet us take tho obsorvations 
made ab the north hook gaugo during oxperiment 74; this is sclecied, simply 
ocauno tho variations in tho depths upon the woir were greater than in any 


other experiment, ’ 
16 


| 
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EXTRACT FROM TUE NOTES TAKEN AL TR NORTE HOOK GAUGE. 


Ontobor Qt, 1RG3, awry 


: ‘DA, Gf, watols 147 feb 
 aeaienner tea 
Hoadlng af the 
INR hook gauyo 


9 9" 15" 0.0800 
10 60 0.6820 


Commencoment of the axpal-| 11 46 0.6825 
mont by tho thn of Gis with, | n- eeemen fee ee 
OS ae 12 45 0.6810 


18 16 0.0310 
14 20 0,600 
ld 60 0.6865 
15 20 00290 
16 80 0.0300 
wo 0.6885 
17 6b 0.6880 
‘ 18 Bh 0.8180 
1 20 0.6500 
20 9 AGO 
20 65 00170 
21° 2h OG TIS 
22 10 0.6530 





SwWUININVianaGerSe Neer hGH 


7 22 8b 0.6550 
Ending of tho oxpeilmont by 28 «6 0.0180 
tho time of due waleh, O24} 28 46 0.8440 
49,0" 2d 35 9,8608 


Arithmatienl . 
, » mean certo D0 128 





For the purposo of simplifying the operation of finding tha monn, iol 
assumed that wo can, wilhont scusihlo ovror, uso an atihmetion! mon of all 
depths not varying more than 0,002 feet from onch other; accordingly an arith 
metieal mean has been taken of all tho readings marked 7 in the margin of 
the above table, and similar means have beon taken of the other rendings marked 
with the seme number in the margin, It will bo percaived that ib was noted 
at 9" 6, that the watch was 12” fast; by another comparison with tho chronom 
ctor made at 10" 47’, the watch was 22" fast; from theao two comparisons it ie 
inferred that, at the middle of the oxperimont, the watch was 13,8” fist. Instead 
of changing the timos of all the observations, tho timo of the commoncamonl and 
ending of the experimont has been changed to conform to this watch, bub for 
the purpose of this reduction only, By tho mothod adoptod, it is araumed thal 

* the height of the water did nob change until half tho interval of timo botweon 
two consecutive observations ‘had elapsed; accordingly, we find that the time com 
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responding to the first moan depth, is from the beginning of the experiment to 
14" 86", or 142.0’, and from 9" 18’ 5” to 9 16’ 47.5", or 102.6", making 245.1” 
The several mean readings and tho corresponding timos, given in the following 
table, ave obtained in this mannor; tho depths upon the weir corresponding to the 
sevoral mean readings, ave also given, which are found by subtracting 0.08072 foct 
from. each moan xending, (see art.’ 148), 























 commamecmarseata | 
Number {Mean roading of tho jgereercnt: ean dont upon 
of the hook gauge romullug, from tho evoral , 
nent moan readlngs 
soa Foot, Fut 
1 0.63020 245.1 0.50018 
2 0.68850 425 0.60278 
r) 0.08725 75.0 0.60653 
4 0.64450 87.5 0.01878 
6 0.01750 107.5 0.61678 
6 0.65000 42.5 0.61928 
7 0.05400 62.5 0,62828 
8 0.65800 45.0 0.62728 
9 0.66050 0.02978 * 
a 





Tho quantilies in tho third column of this table aro the values of ) ms ote, 
in tho oxprossion givon above for JZ; the quantities in tho fourth column are 
tho corresponding values of 4,2’, ole. The valuo of 7 boing 757.5, all the 
quantities in the second member of the equation avo known; by substituting these 
values wo find P 

: T= 0.6118, 






Yho arithmetical mean of the eightoon observations is 0,0428; deducting the 
correction 0.08072, wo find the menn depth to be’ 06121; tho difference by the 


methods is 0.0008, 7 
A. similar computation on the obsorvations ab the south hook gauge gives 


I= 0.6099, 


By taking the avithmoticn moan of the observations, we flud tho depth, by the 


south hook giugo to be 0.6096. " 
The mean of the abovo values of ZZ or 0.6106, is adopted ag:the depth on 


the weir in experiment 74. 

A similar reduction has been made of the observations at cash hook gauge, 
in oll tho exporimonts; the arithmotical mean of tho tyo rosults obtained for” 
each experiment, is givon in column 7. 


a 
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|. Notwithstanding the advantage attending. this modo of reduction, ib cannat he 
denied that, for the most porfect experiments, tho depth on tho weir should bo 


~ invariable throughout, and that, evleris paribus, tho. oxporimonts will ho the loss 


valuable, the greater. the variation, To onable tho reader to judgo of tho rela 


_ tive value of the ‘oxporiments, as far as it deponds upon. this variation, tho small 
+ figures to the Jeff and above tho several depths in column 7 aro given; thoy 


indicate the highest number of values of /, 2’, h", oto, uscd in the reduotion of 
the observations, at either of tho hook gaugos, in tho corresponding oxporiments, 
“16L: Conumn 8 Mean velocity of the water approaching the weir. Chix in obtained 
by dividing tho corresponding quantity. of water Mowing over the weir, given in 
column 14; by the avon of. the section of tho canal, at the hook gauge boxes, 
In the. weir having contraction at tho ends, thiswould strictly include all tho 
space tnder’ the gaugo boxes, although, from the form of the walls, it ix evident 


that. the current could. flow only in a smal purt. of this space; connuquontly, 


the portion in which the ourrent could not flow: is not includedy:in tho arena 
tised, 

162, Conmw ; Zend due to the velocity in column 8. "Thin is muftoiontly 
oxplained in the heading, 

158... Corum 10. Depth upon the wel, corrected for the velooly af the water 
approaching we weir Tn the comtnon formule for tho dischargo of water over weirs, 


ve CLEA Y Ig IE. (A) 


The second member may: be soparnted into threo fietors, namely: CG) the coofigiont 
of contraction; 7, the longth of “tho woir; “and 8 Y 3, 27H, the theoretion! dischaage. 
for the unit of Jength, According to ® well-known elementary theorem in hydrau- 


“Ties, the latter factor may, bo represented by the area of a aogmont of a prrul- 


ola,» of which’ the peramoter is 2g$ thus, in figure 6, plate: XU, if ABs 1G 
and: Box Vie, andthe ourve AWC is. parabola, of which tho. vortex ix A, 
we shall have ‘tho ‘avea of tho sogment AB Os: WIV2y Hy also, ‘tho volooity of 


. the. fluid’ ate: any point P will bo represented by the ordinate PAL Tho fuator 


HWign may also be decomposod into, two, others: WeraB, and t¥2g iT; which 
.equala the mean value of all tho ordinates of. the. parabola botween A and ¢ 
and: represents. the” mean velocity of the’ ffuid for the whole height of the ori 
fice, In demonstrating: this thoorom, it ia assumed. that tho water in the rosur 
voir ig at-xest; wo can, ‘however, easily establish -an analogous theorem, in. which 


"ik is assumed that..the water. in the reservoir’ has a velocity approaching the 
weir, in as direction “perpeiidicular to the plane of tho weir. Suppose & to be 
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the head due this velooity; and in figure 6, plate XI, lot ABs: H and AD=2, 
wo shall have for: the velocity vat any point PL in the > holght of. tho ovifeg) 


ts Vig PE + Fay 


but. this ‘value of v. is the Silane corresponding to “he “abscleas; ARPA DE, vs 
of a parabola whose treme ig 2g We have also 


Boi ire, 


We can, consoquently, sapheact the discharge for the unit of: nk, by’ the: ‘area 
of tho surface: AB:CG, which is a portion of the segment BOD; the’ arca. of 


ABC jis the’ differonce of the ‘areas of the: Feumen’ BCD ‘mda AGD;: ‘the: a 


ten ts BOD is 
a : IDDx BO= 1+ IVTGUFH, j 


ao 
oud the area of ADG is 
IAD X AC= UV DGh, 
consequently, tho area. of ALC . : ; 


#(IT--h) VIGHET)— ihySgh=t wal pero iF 


anil, for the total discharge. we havo 


a 





gm anion]. 2 ss ae Gee of) 


The domnule (A) may be ‘put under the form 


Qi, ona a! a 


/ 


Suppose i to penonailt a, . dopth upon “the weir “that would ve the dlsoharg 
Q’ by the formulu (¢), wo shall have 





@ = Lonvig i: 
cubstitating the valuo of Qin (B), and reduing, wo be xe 


"we ralinea—i a 
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The equation (B), from which this value of JZ! iy derived, door nob agrea 
with that given for a similar caso by most writers on lydranlies, who seem 
generally 10 have followed Du Buat;" it agrees, howover, with the expression 
given by Weisbach} who appears to havo been tho first to point out the error. 

The formula (D) was communicated to the anthor, in 1849, by Mx. Boyden, 
accompanied by a demonstration somewhat rosombling the above, 

The yalues of ZH’, givon in column 10, have boon computed by tho formula 
(D) from the corresponding valuos of ZZ and & in columns 7 and 0 

164, Conumns 11, 12, and 18 avo sulficiontly expluined by their respective 
headings, ; 

155, Conus 14. Quantity of water passing the weir por second, ‘Tho cuantitios 
in this column ave obteined by dividing the tolel quantilics given in colunm 
18, by the corresponding intervals of time in column 6, 

166, Conuan 15, Vadue of CO in tho formule 


Qe O(l—~ Olam’) 4, 


@ having the corresponding values in column 14, 
In the formula proposed at art, 124, namoly:— 


Qe= Oll—bniyit, 


the values of the constants @ and 4 aro to bo detormined by experiment, ‘Tho 
values adopted in the formula by which the coofficionts in thia column have 
beon computed, namely: a==%, D== 0.1, wero determinod upon aflor many trial 
of other values; in consequonco of thoir giving rosulls according the most Heatly 
with all the experimonts, and at tho same timo having a convenient degres of 
simplicity. It is quito likely that many othor values of @ and 2 (probably an 
unlimited numbor) might bo found that would accord somowhat nearer with the 
exporimottts; 0 closer approximation than is given by tho uso of the valucs 
adoptod, could have, howovor, but littl practical value; much loss, it was thonght, 
thon would he’ derived from the use of tho simplo valuos ndoptod. ‘Tho uaa of 
& fractional power, such as a==147, deduced from tho oxperlmonts at the Tre 
mont Turbino (art, 185), is very inconvenient, and, to persons not woll skilled in 
the uso of logarithms, offo's groat diffoulty. 








. 


* Prinotpos ULydraulique, otey by M. Du Buat, Paria: 1816, Vol. 1, page 201, 
ft Alyemoine Maschinen Encyclopidie, Leiprig: 1841, Vol. 1, pago 489, 
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167, Conus 16, 17, and 18, avo, for the purpose of obtaining correct mean 
resulls of the experiments, made under circumstances nearly identical, In conse- 
quonce of the variations in the height of the canal (art, 150), it was impracti- 
cable to repeat the experiments with precisely the same depth upon the weir; 
by the method adopted for obtaining these mean results, all inconvenience from 
this source is obviated. As the formula by which the values of ©, in column 
16, ave obtained, is such as {0 givo results agrecing very nearly with oxperiment, 
over whon the depths differ considerably, it is plain that the values of @ deduced 
from experiments having nearly the sume depths, cannot bo allected by small 
variations in the depths, and will be subject io ho greater irregularities than if 
in tho sovoral exporiments from which they are deduced, tho depths had boen 
precisely tho sane, We can consoquontly take 2 mean cocfficient with tho samo 
confidences that we could take a mean quantity, if the dopths had been preciscly 
tho samo. ‘These mean coeflicients aro given in column 16, In column 17 are 
given dopths on tho weix, nearly a moan of thoso in the experiments from which 
tho corresponding mean coofticionts have beon deduced. In column 18, are givon 
whet may bo called tho mean quantities of water actually found by experiment to 
he discharged with the corresponding depths in column 17, A method similar to 
tho above was used to reduce tho quantitios discharged in the experiments of 
Castel, reported in tho Annales de chinie e de Physique, vol, 02. Paris: 1836; 
reprinted in the flxat volume of the Annales des Ponts ct Chaussées for 1887, 

168 Conuatw 10. Quantity of water passing the weir, caloulated by the formula 


Q = 8.88 (1— 0.) nJz") 17", : 

Ir pay ig The corresponding values in column 17. : 

« Tho coolficient 8.83 is derived from the arithmetical mean of all the cocfi- 
elonty in column 16, which is 8.3818, tho two final decimals being omitted for 
the sake of simplicity. ‘The lnrgest coelficions in column 16, is that deduced 
from experiment 84, which is 8.8617, excocding the coefficient adopted by ats 
part; tho sinallest coofliciont is that deduced from exporiment 4, which is 8.8002, 
being Jess than the oooflicient adoplod, by zy part; that is, tho formula by 
which tho quuntitios in column 19+are computed, will ropresont every oxperi- 
ment in the table, within one por cent. 

169, Coruun 20, Proportional difference, or the absolute difference of the quantities 
tn columns 18 and 10, divided dy the quantity in column 18 The greatest propor- 
tional difforonce is thal deduced from oxperimonts 84 and 88, which is —0.0090, ~ 
or little Joss than ono per cont. In those oxperiments there were two welts, 


‘ 
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about four feet long each, separated by a partition lwo feb wide; (he near 
neighborhood of the two orifleos appears lo hava allected the dischuygo. ‘ho 
next Jargest proportional difference is thal deduced from experiments 36 to 
48, which is —0,0068, or about # of one per cent; in these oxperiments, tho 
depth of the water in ihe canal leading to the woix, was only about thvee times 
the depth upon tho weir, ‘Tho exporimonts with the diminished depth in tho 
canal were made for tho purpose of testing the method of coxvooling the depths, 
upon the weir, for tho velocity of ihe water approaching tho weir (art, 168), 
They indicate that the method is not strictly accurate, as might jiave been 
anticipated, omilting, as it does, all consideration of tho effect producod by this 
velocity, in modifying the contraction, It is well understood that such an effect 
is produced," but it is of such a complicated nature, that the invoatigntions hith- 
erto undertaken have thrown but little light upon it. 

Tt will bo porcoived by referring to column 4, that tho experiments 61 to 
55 wore made under tho samo civeunstances as oxporiments 44 to G0, oxeopting 
that the sheet of water, after passing the weir, was prevented from expanding 
laterally for a certain distance, ‘This was accomplishel by placing hoards al the 
ends of the sheol, as vepresented by the hrokeu lines ab A, figures & and 9, 
plate XIV. By reforring to colman 16, i will be sven that tho offeot of theso 
bomds was to diminish the coofficiont from 8.8409 to 83,8270, corresponding to a 
diminution of the quantily discharged by tho woir, with the same depth, of g{qs 
or about four-tenths of one per cont; in olher words, tho offvel of the honrda 
upon the discharge was the same es would be produced by shortening the woir 
sty or } inch, ab cach ond. By reference to figuve 8, plato XLV, iewyill ho 
perecived that those boards did not affect tho freo communication Baty ) 
atmosphere and the air wnder tho shoot of wator;. if this conmuntenlion had 
heen obstructed, so ihat tho pressure of tho air under the shoot had been dik + 
ferent from that of the atmosphore, it would have affected the discharge. 
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"* Jeuugoago des cours Pact, aley by AL DP. Boileau, page 40, Parle: 1880, 
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LOWER LOCKS, LOWELL, IV OCTOBER AND NOVEMBER, 1889, 
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4 | Saannburs alee in ee wolt, [of weir! in column 16, lay ia ovum 
wot Lh Wi, fe, ; 
Foot, Ouble foot. | Gublo fout Foot, Cubte foot por Cubto feot por : 
facheee FL NE | Duty Df SEER Oe RNR] RE secon, rocontl, 
9,097} 2 | 1818.19; 61.2821) ~ 8.8918 
«16 | 208d) 62.5086). 8.8174 eee 
f 1 11004,90) 68.2060) 8.9280 | 8.8181) 1.56 62.0147 62,8892 | -+0,0086] 
« | | 1112.62} 69,8508) 8.¥00: cep 
OAT] 2] 1172821} 45,0803] 8,8412 
«| «1 11758,00] 45.9187] — 8,9898 
« | «1 11796.57] 450781) — 8.8405 
* | 61 14760.28) A544] 9.9159] 8.9898) 1.25, 45.4125 | 48.3608} — 0.0012 
« i | 11058.15] 46.0813] 3,899 
«1 w] 1190841] 45.8620] 8.9260 
9.007) 2 | 11872.75] 811457] 8.8265 
1 @ 1 11645,85) 88,0416) 88129 
1 111860,88) 84.2966] 8.8110 
1) © | 11745,20) 84.2725]. 8.8182 
7) ©) 1171885) 84.0549} 8.8196 
) MW] ULG5L AS) 84.5890} 8.8289 
©} 6) 12028,62) 80.9508) 9.8261 
bg # 1 11627.08) 91,6977, 8.8284 4 
wy} 11650.01) 81,6579) — 8.8179 7 i 
i ©) LLGOL78) B21 488) 8.8216 : 3 : ; 
7] 7 LLZG48G) 824700] 8.8265 | 8.9228) 1,00) - 82.5486 82,6240 °) -+- 0.0028] » 
« | 11721,88) 28,0739 8.3218 : 
«fe PTLCR200! 201020) 8.8155 
« 111,620.08) 80,0004 8.8198 
we] } TLG7ReL0) 88,8008] 8.8211 
a [eT T6288) BBB LA7) 8.8281 
“ # | 11670,08) 82.5542 3.8888 
7 # + 11097.10) 844136 W207. 
7 4] LEGBSE7) B5A7AT 8.5268 
te} ) 1170418} 86.1762) 8.5288 
©) 7 1170207) BLOZON 8.8251 
1 t 1020.06) 81,0712] 8.8259 
©) ©) 11702.21) 80,9040} 8.9011 : ‘ : : ‘ 
7,007] 4 |.11808,64) 25,0883} 8.8617 By ee ee 
"| | 11655,85) 26,5680) 8.8586 |-8,8601) 1.02) - 26,2086.-7 -. 20.0888 | — 0,0090 
caste | doubt cabeatiga ewiicaens ce ‘i a ERMA NONNe Mere amaber ctr eae i eee, 
9.097] 21 11747.88) 84,8484) 8.8519 : : 
«| © .11657.87] 85,2983) = 8.8498 
1 tt 7. 11958,56 ea : Hehe ‘ ; af 
«| « |-11518.09) 85.7660). 8. wd 
«| « ) 11715.10! 85.7718) 8.8528 | 8.8827) 1.06) _ 85.8026 85,5602 .) 0.0008 
« f @ 14171248) 86,0710]. - 8.8548. |, me yt ’ 
| © | .11579,82; 87.1878] 8.8509 
eo) © | 1646.21) 87,0518) 39,8505 | 
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tiary-nyt wb 8 
Poot Vow. 
1 | 0.00917) 1.58800 
2 1 oOo. 155945 
8 | QO0DG, 1.56845 
| 0.00068 : LA7BY8 
B | Qo0%d3) — 1.2120N 
0 | O0UK17] 1.24718 
4 1 Q00534) 128828 
8) OSB) Labo 
9) 0.004860) 1.26825 
10 | 0.00587) 20022 
O.002R2 .OGURS 
12 | 0.00828) 1.08071 
1D | O00888)  1,09716 
Li] O.0083d) 1.09056 
VG | 00841 
16 | 0088) 
V7) ot 
18 i 
1 He O0BE20 
20 | OW20RL 0,99172 
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QB | OOONNTL | LOdGHL 
2) | U0ORAP 108900 
80] OOO8GR] L077 
BL] 00g) O.8R659 
BQ) OOO200], - OYRODD 
88 | O0daTy, 0.00009 
1k | ONOLISE 1.01212 
85 | O.00201] 1.02820 
86 1 0.014021 1.04008 
87 | 0.01480). 1.08039 
88 | 0.01458). 1.05799 
699 PQOLGL, . 1.06812 
40 | O4M400)  1,05946 
41} 0080) 1.06104 
42. Q.01870) Lasgo 
98 | O02 1okaadt 
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1 2 8 cg 
Temperatures by 7 
Fabronhott's 
: thermomotors 
Ea eal 
Nuys 
pe of) Date of tho Roforonce to the Ngueca on plato XIV., anid portiorlar 
cpt — doxoription of tho wolt 
Ofte alr) OF the 
rosa; tn tuo | water, 
alinde 
ve %, Awe} 44° 44° Figures 8,9, at 30. 
7 ae ra i a! Menn whith of tho canal for 20 foot on the wpatrony 
‘ aldo of tho welt, 0.Uyd foot, Maun depth of the enn 
46 “ & & appeal tho hook gauge boxes, 6 048 fat Lolow the to 
47 a 6 & ' 
dg{ « «© «& 
4g; « « «& 
50 «Oppel 
SL} Nov. 7, pom 42.25 48.75% Faquees 8, 0, aud 10. 
5Q fr WU and depth same nua tho proceding, Tho xheob 
53 “« oe 6 of wator attor pitt Ing the weir, wax provontad from 
oxpnndisig fn wile Cut @ cortalu diatanca, by Lourdes ab 
54, “ 6 ench ond of tho welt, paced iu the mame plines ng the 
55 «oe « siiles of the cartal Juadihg to thu nol. 
66 | Oct. 24, r.a0, Figures 1,9, and 8 
57 “ 6 With of tho eninl on “he wpatroam slits of tho wolr, 
“o eo « 18,06 feet, Mean clepth of tha canal opposite the hook 
58 f 
50 i Bae ake gauge buxos, §.018 feud below the top of the wale, 
60 ow 
GL “ « « 
easel actoemeement feet 
62 | Oct, 81, v.31 Figures 8, 0, and 7 
68 « « Ow sngiter tae Sanat on the eupatron aldo ts ihe yoy 
0} foots lopth of tha canal oppoalte the oo! 
Od Bs Bl Aee. 48,75 niga boxer, 2.015 ‘eee below the top of tito wolt, Bot 
65 ee bay i ih capa orlontal, for 28 fout on tho upstronmn 
66 “ e « - 
67 | Nov, 7, v.3t Figqures 8, 0, anv 10. 7 
68 Ci Moun width of tho canal fi 20 fet on tha upstroan 
69 “« a « Ade of the wel, 1.402 fet Mom depth of thera 
70 ie Moe oppealta ho lool yauge Loxes, 6 018 foot bolow the top 
71 « ¢ « 
: 2 | Oot, Bd, Aes Higures |, 2, and g 
é “a 5° | OF Width of the onnal on the upatroam sido of tho wells, 
4 “ ow « 48.6 105 18.90 feat Monn dopth of tw tun op) : bt the Took 
15 Geers gange boxos 6 O43 fot bolow the top of the wolr, 
1) « © & | G98 | 49° 
7| « « « 
73 | & pate G4.69 | 48.59 
79 | Oct. 81, p.m Figures b, 0, cd. 
80 e 6 Width of the onnat on tho upstream sido of the wolr, 
« tC) 5 . 1 of tho oppoalte tho hinole 
81 45,259! 48,75' 18.90 feat. Monn dupth of tho canal i ita the hook 
D D gauge boxes, 2 O14 feet below tho top of tha walt, Rote 
89 eH ftom of the enunt horizontal for 28 foot on tho wpatronnt 
83 “ oe «& site of tho welr, 
g4, « «& & 
85 | Oct. 81, v.04, Figures 6, 0, and 4, 
86 | Noy, 1, ast Width, depth, and bottom of tha eanal sano na the 
87 e o« procading. ‘Two equal bayd separated by a partition 
8 8 “e “ “ a 
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6 Q W 
Wo of the commencement and 
condlusion of the oxpurkiient, 
te fadleated by tha Doras | Momeatenth 
tologeaplite Migrate {on of | npon the 
tho wel hy 
paernameerrennennnns ot creemmanmycenmemned OXON |obsvwntlars 
mont 
Commaneoments) — Genelurton, wm 
HM flay! noe | juin { fen, | Mette 
7) 80) 1.0) 7) 55) 61.2) 850.2) O0n07h) 
9] 98} 0.0) 9) 48} A787) 90,08 190 
10} 11) 69.2) 10) 17) 67.4) BAK 2) MYT ASO 
10} 43} 59.6) 10) £0) 6a.0) 850 M07 m0 
U1} .15) 0.0) 11) 22) 0.4) 880.4) WOO 7 800 
AL] AB) del) 21] GA] 0,7] BAG, 8007775 
0} 21) O.2} 0} 20} HH,9) Bde.) ONT HG 
a aay Z.0F 8) 2s) 620) dtd "L.00808 
8] 85] 60,7) GU) Up AGN) 847.8) 41,00000) 
0) 28 BL) 9] Oa] 614) Btse] 00880 
9} 59} 60.8) 10) 6) G2) Aout ogo R as 
10) 81) 1.6) 10] 86) G10) Maza Sonat) 
2) 2} BO8) BF 82) OA) 7h) 1B LAGO 
8 Bt Oell BET LEE) 400.7) 1080755 
8) 40} 0.8) 8) AB) 100) 100.) FO,7 05 08 
ALU AT Al 2G) A Lay G20.21 77600) 
4} 66] 1.7] 5} 8) 18,0) 408.0) MORO TRS, 
5) 29)_1.8) 6] 87) 27.6) 505.8) so.70.100 
2 20) 0.8] 8] 28) 40.6) odu.c) FTL LG 
8) 0} 18) 8] 8) BQ4) BLL) O77 2h 
8] 88} did] 8).40) 7.9) ABA) ORO-184) 
414) 0.2) 4) 21) 6,6) 4a) B70 
4) 471 68,0] dj 6) BOR) LHe) 08X83 
2 2) 8 LG) LZ] 82.0) "78620 
213 10} 2] Gt} 08) 486.8) 0.80104 
8.17] 60.7] BF 2dt Feo] 176.8) BONGO 
BES 609] Bt Hf B17 AZ LB) RL 
4] 26) 0.0] 4] 82] 68.0) 4780) MBL 2G 
AY 25[ FT Qal” Oo PRGA ROY LG 
7 do! 60.8] 8] 2) 2,7] 772.0] MOteso 
OLY GOU) Gy Al 8G.0) 747.0) U.G1060 
10} 88) 69,7] 10} 8] Ladd) 07 1.7] Wait 
LY 8) Lal) Lay 1a) 22.01 G86! 20,0105 
Lt] 60} 0,8] 1a) 2) 84.91 098.0) 40,69705) 
Of a] G88} G) 8G) 42.0) 70d 0.08970) 
AG] 69.6) 7} 18) 8.6) 669.0) 90,05 180 
7\ 4G) 0.8] 7) 57} 9.8) 689.0) *0,65590 
8 24) 0.0) 8} B84) 56.0) 646.0] 90,5085 
9} 0) 594) 9} 12) 42.4) 703.0) 40,68185 
9; 40} 7.0] 9] 61) 27,8! 686.8) °0,04250 
10} 23) 1.7) 10! 84) 11.0) 609.8) *0.65400 
14/48} 0.7| Li[ 66) “42.8; 829.1] 60,669.10 
0} 21] 69,9} 0} 85] 26,0! 806.1] "0.67000 
2} OF 8.8} Lf 18; 17.0) 794.1] 90,68860) 
1) 89, 59.8 2) 58) 9.5) 789.7] 08815 
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XID ~Coxrinunn, 
LOWER LOCKS, LOWELN, IN OCTOBER AND NOVEMBER, 1852. 
9 10 11 [12 13 1h 15 16 17 18 19 20 
Depth upon the 
ITead duo tol wolr covrestad ‘Total quane |Approx- itt want ine Proj 
thie yekvolty! 7 fy imate portional 
Num peda Satine Tength | No. eee Mesattis oe Rew oh Mean. nent wh ep Quantity of wator aren 
too | ALY tho | wets ow thn vate] woke, TY ing enol ox ‘hay the onde] lenO Un zi?) 7279] ©" eel owe, Q= caleniated by the | rig qunntitios 
I. tos of 27 hy tho ON F nortniontt a8 | nee seeonat, atioularne cnet  oanren it formula i 
uxporl heck fnniute hb tense iene ° per second, | Qhnving tho | gogerip. arti oe this Qa In solcunns 8 
mont oraz] ares Mons) dio ook brite ie Mon of eeyton) roaond econ Ie saosin eee peatbicinaet 
D ambor, ' Iv. n coluwin 16, 
raed . tea HM, ber cna 
Feet, Foot, Yoot Cublo fevt. | Cable feot. Feat, Galle Bet per Ouble foot por 
iil “naa pea. ilk ntineern a asp otal a 2 th, BuO 
4 | 0.00468) 0.99117 | 0.995] 0 11524,02 82,9087 8.8366 
46] 0.00161) 0.98980] « ) LIGTGOLR 82.8429) 8.8891 
40] OO0JI8] 0.97870] « “ | 11602,18} 82,8623 8,8487 
17, OUOLT 0805 | © FILS 28 S21200] 88118 | 8.8409) 0.98 82.8956 82.2809 | —0,0088 
AB] OUST O.O808L] 1 (L089,70) O24356) 38,0434 
Ao | O02) 0.98207] « © 1 11576.77/ 82.4916) 8,8 102 
Bn) | 00482 0.08122} 7 11628,09] 82,4600} 88418 
Bt { ONOLRE] 1.00908) 9,996] 0 | TI61G.88) 8u.8170] 8.0849 
2 70.0018) LOLOL] 7 11725.28) 38,7708] 3.8257 
OY | OMAR Loagso | « © | 1174884) 93.7278] 8.825 | 8.8270) 1.00 88,2084 88,2888 | -+-0.0009 
BL 1 O.O0187) Quu7Lo] « | © | 11688.4K] 33.08H3] 8.8219 
fa | 1,00 166 O,uGR | “ 1 11656,76) Ba0G88) 8.828 
5G | 0.00180] 0.820841 9.097) 2 111899045 24.9109 8.3287 | 
G7 | OOOLZH = Q.8ONRB IL & ST 1676.86) 25,7048 8823-4 
GR] OOULGH = 0.70726] | 11628,76] 23.2761] 8.8287 | 8.8246] 0.80) 28.4011 23.4891 | +-0.0016 
60 fF OOOLKG = OF7RIa] © 1 LLGOLOL 224804) 8.8261 
60 1 0.00470) 0.80200 |  ) 11608,98) 28.5427) 8.8208 
; GL (40.001 mith) | ee Wa tire 23,1700 $,8188 ae] 
2 | 00607) 0.77768 | 9,097] 2 | 11718.59) 22.5270 3.8876 
G8 | OOO78d O7e11a] 6) LLM87.021 28,2577 BLOG 
Ge | 00778) ORLI7S | 1 JLOLOL7] 24,0128] 8.8383 | 8.8408} 0.88 24,8818 24.7548 | —0,0081 
i) | OOOUGS] — ORRKOS | * 1 11005.06) 27.498d) 8.8485 
MO | OOODRO}  OKNZBR | | 11671,.63} 27.9002 8.8417 | 
(7 | ones) OFNRRL | 0.008] 0 [11076.57] 211582, 8.8868 | 
CH POOR OBOddD | &  141709,76) 24,[041] 88422 
OY} U00R71) ORTQIL] « | L1G15,16) 24.4492] 8.8424 | 8.8398) 0,80 28,8821 28.8156 | —0.0028 
70: 10,00270) 0,81700} « 1 ULGE7.68! 24.6870) 88410 
71 | 0.00278 te _ O:8 1588 w ] 1 11688,28 21568) B8BdL | ene ren re’ 
tz] ociouzd] — Obogda | O.Hu7) 21 L180N.H7| 16.0001) 8.8284 
TH | 0007 = OSNBL2 | © + 11G141.00] 15.0273} 8.8808 
T4 | OOOOKL 0.61199 «  111902.18] 16,7124) 8828-4 
75 1 O,00008) 0.65621] « | 11760,98] 17.4805] 8.8287 | 3.8275} 0.62 16.0882 16,0502 +-0,0008 
78 | O.QU0NS| 0.64893 | « 1 11659.42} 16,9889] 8.8806 : 
77 {0.00001} 0.08888] « | 11648,02; 16.7597; — 8,8259 
78) 0.00080! 0.08460} « 7 11685.54 16.5894} 8.8250 lL 
"79 | 0.00184} 6.08870 | 9.007] 2 Tisheig 14a 8.8358 
80 | 0.00468] 0.66027; « . 6 F 
81 0.00470 0.66429] « | 11074.77) 17.7725] 8.8278 | 8.8262) 0.6 17,1990 17,2187} +-0,0011 
82 | 0.00419} 0.08582) © | 11682.40] 16,6181] 8.8249 
88 10.00488] 0.01004] & © 111718.28) 17.0578] 8.8244. 
81 1 0,00460) 0.65801) « « | 117d8,86) 17.5540} 8,8266 [he ns ce 
“gi | 0.00200| 0.07226 |7.007] 4 | 11690,02| 14.9197] 8.8882 
841 0,008N9; 0.08195 tt “ 1 14708,92) 14,5192; —8,8878 
87 | 0.0081 0.68060 “ © | 11644,82) 14.6642]  8,8878 | 8.8868) 0.68) Md5dl 14.4247 | —0.0020 
4a |ooagisl o.doris{ © | ©} 116781) £7880] 9.8398 
ss rose a ee eee ee eter ane neg nnn ranerennenstenttenrenetiennnrmetteereertmameennienn ‘wegen ol 
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aa oats OF TUB PROPOSED FORMULA WITH THE RESULTS OBTAINED BY PREVIOUS 
EXPERIMENTERS, - 


‘160, We ‘a on record « grené number of oxperinents on tho discharge 
of water over weits; in the presont state of the seienea of hydraulics, however, 
‘a. latge. proportion of them can be considered only in the light of frat upproxt. 
jnations; of great value undoubtedly, at the yveapeclive epochs ab whieh’ they 
were mada; but. it could serve no useful purpose to compare thom with the 
regults obtained with the more perfect apparatus used of Inte years, ‘Three Acta 
of experiments have been made in Fyance within tho last thirty yours, on a 
comparatively minuto scale, it must be admitted, but with complete apparatus, and 
conducted with great care, They were made by Poncelet and Lesbros at Mety, 
in 1827 and 1828; by Castel at Toulouse, in 1885; and by Boileau ut Motz, in 
1846,’ It will be vecullected that tho application of the proposed formula to the 
discharge over weirs in which the contraction at tho ends is complete, ix limited 
to dopths on. the weir, not oxcoeding one third’ of tho Jength of the sheet; > Us 
limitation permits the comparison to be made with only w portion of tho resulis 
obtained by Poncelet. and Lesbros, and by Castel. Boflonu operated on weirs in 
which. the end contraction was suppressed, and to which form tho limitation does 
not apply, ; 

‘161. Comparison. of the proposed formula, with tho results obtained by Doneelet and 
Lesbos. "These oxperiments are to be found among the magnificent sories wade 
ai the expense of the French Government, and recorded at length in J 
Aydrautigques su les lois de Pecoulement de Peat by M. M. Poneslet. and Lasbros, Paris # 
18825. and’ in’ the continuation undor. the ‘samo title’ by M. Lesbyos, Pris: 
“1851. In table XXXIX,, of tho last mentioned work, aro. given tho coelficients 
for computing ‘the discharge over weirs of a variety of forme, and of -eertuin 
~-Jengths, and-with certain depths of ‘water, by the formula 





d=xmlbNOgh ‘ 


in which @ is the. discharge, m tho ooaltictont, I tho length, 2 the depth, and 
9 = 9.8088 metres, or’ 82.1817 feet, ‘Tho comparison etn bo usefully made with 
-ouly one of the forms experimented upon, namely: that in which tho orifice 
yas made in a. thin plate, in’ the plane sido. of a: reservoir; the orifice being at 
a ‘great. distance from the bottom and lateral sides, and the discharge made 
feel, into the air, 






EXPERIMENTS ON THE FLOW OF WATER OVER WEIRS. 127 


In table XIV. are given the quantities computed according to Lesbros, for 
all the depths for which he gives values of m, determined by experiment, and 
which aro within tho limitation required by tho proposed formula, namely :. that 
the depth shall not exceed ono third of the length. The quantities are also 
given as computed by the proposod formula. . It will be perceived by the final 
column of the table, that the ‘proportional differences are nearly constant, and' 
that the quantities by the proposed formula are too small by ‘a little more than 
two per cent, If the. coefficient of the proposed formula was changed from 38.38 
to 8.41, the computed results would agree very nearly. It should: be’ xecol- 
lected that the constants in the proposed formula have been determined ‘from 
exporimonts in which the depths upon the weir were from’ 0,6 to 1.6 feet, or 
about: eight times the depths in the experiments by Ponoelet and Lesbros, it 
is the general vosult of all. the precise experiments on the discharge through 
openings of a variety. of forms, in a thin plate, that, for very small heads, the 
caefficients require to be increased; which proves that tho law of the discharge 
varying as tho square root of the head, does not hold’ good. for, vory small 
heads, Tho compovison in table XIV. affords the some indications; and the 
constancy of the. proportional differences, indicates that tho correction: of the 
length, to compensate for the effect of the end contraction, is practically correct, 

both for largo and small. depths upon the weir, It would . not be difficult Et) 
to determine tho: values of the constants in the formula 


“Q== Ol—~bnd) it, 






“present. the experiments’ both of Poncelet and Lesbros*..and:. the Lower 
kk wxperiments with nearly the same degree. of. exactness. that’ the latter: ave 
“‘yepresonted, with the constants that have been adopted. This would undowbt- . 
edly be an advantnge in some particular . cases in’ practice, but if. it. was 
futended to’ make the formula general, the -sncrifice of simplicity would. be 
more than on equivalent disadvantage. oe we 
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TABLE XIV. 


Tho length of the weir ts constant, and equal to 0.G502 fost, 


euneensertteetne enim tnatenranttnsan smtenmutittee 


ad. 6 
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Quantity of water dle- 
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Yalno ot tig | Slrged by tho formula Quantity of water dla | Peapordtanal dlorence, 
Dopth on oootilolont m2 Quimby Tea; olinaged by thy forum, ; or the alt a 
ho vale, according to Javtng the ancroxpardle! if foreneo di htat hy thee 
Leoabros. Tas ino fn thy sti Qe BBR LO Lu IT : quantity In cold 


cading coluian. 
Foot, ‘Ouidlo feeb por socand. Ouble fine por aceon, 
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162, Comparison of the proposed formula with the vesulls oblained by Castel An 
abstract of these expoximents may bo found in tho Annales de Chinie et de 
Physique, vol. 62. Poxis: 1886; and in the Annales des ponls cf chausstes, vol. 1, fox 
1887. Povis, It appears to heve boon a leading idea in Uhexe oxporimenty, lo 
imitate, as noaly as possible, the forms and proportions of tho weirs ordinarily 
used in practice for gauging streams of wator; in ficl, lo reproduce tham “on a 
small scale, anticipating that the rules deduced from precise exporiments 
them might be applicd, without modification, to gaugings on ao largo acalo, The 
weir was formed by damming up ea wooden ounal, 24279 foot in widlh, by a 
thin plate of copper, in which the weir was formed, lho crosh being 0.6578 loot 
above the bottom of ihe canal; tho width of tho woly varying from ahout of 
a foot to 2 fect, Tho Iatter width is so near that of the ounal, that the onl 
contraction must have been sensibly modified, ao thet any comparison of tho 
results obtained from it would be of lilo sos thoy havo consequently heen 
omitted. In the abstract roferred to, o table is given of the cocficionts deduved 
from the oxporiments, for a vavicty of widths and dopths. In table XV. care 
given the quantities computed with these coefficients, for all the widths and 
Aepths to which the proposed formula is applicable; also the quantities ay com- 
puted by the proposed formule, In consoquenco of the small -dimonsiona of the 
canal, the water approaching the weir had a sensible velocity; in table XV. 


‘ 
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the dopths on tho weir, for which the quantitics have been computed by the 
proposed formula, have been corrected for this velocity. It will be seen by 
roferring 40 the final column, that the proportional differences aro considerably 
greater, and have less uniformity than in the comparison with the experiments 
of Poncelet and Leshros; nevertheless, there is a certain harmony in the results 
of both comparisons, and they serve to show how unsafe it is, in the present 
slajo of tho science of hydraulics, to apply rules to gauging streams of water 
passing over woirs, of which the dimensions differ greatly from those in tho 
exporimonts from which the rules have been deduced. 


17 
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TABLE XV. 


Width of the canal leading to the weir 24270 foots hoight of the crest of dha weir above the battom af 
tha canal 0.0678 fee, 
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103, Comparison of the proposed formula, wilh thal oblained by Botlean. The 
exporimonts from which Boileau deduced his formula, ave given at Jength in 
duugeaye tes cours Men a faible ow a moyenne section, hy M. P, Boileau. Paris: 1850. 
Boilenu has particularly studied the discharge in the form of weir in which the 
contraction at the ends is suppressed; that is to say, the form in which the 
weir ovcupies the whole width of the canal conducting ihe water to it. The 
proposed formula is applicable 10 this case, by making »= 0. Boileau expori- 
mented on three weirs of this form; one of them was 5.80 fect in length, with 


the crest “1.54 feet above the bollom of tho canal; the other two were 2,04 ° 


feel in longth, the crest in ono being 112 feet above tho bottom of the canal; 
wil in the other 161 fect above the bottom; the depths on tho weir varying 
from 0,19 foot to 0.72 fect. By a train of reasoning combined with the results 
of his oxporiments, Boileau has arrived at the following formula for weirs of this 
form:— : 
S4-IT 7 

O= vss i. gid LU 2g, 

in which 


Qe=ztho discharge, 

Sz= tho height of the crest of the weir, abovo the bottom of the canal, 
which is supposed to bo horizontal for o short distance, upstream from 
the weir, 

H== tho dopth on the woir, taken before the sheet begins to curve in con- 

, sequence of the discharge. 

= tho width of bho canal, and also the longth of tho weir, 

9.8088", 7 





The cooMiciont 0.417 is determined fiom a mean of 14 oxporiments, 
Adopting the English fool as the unit, and reducing, we have 


hui Se el 
BBD og ypc af HUE (A) 


For this form of weir, tho proposed formula becomes 
Q=3.93.L10"": (B) 


Jl’ being the depth upon the weir, corrected for the volocity of the water 


approaching the weir. 
‘Those formulas differ so essentially that they can be conveniently compared 
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only by applying them to particular ensox In the formula (A), a8 8 inoronses 


relatively to ZZ, tho frotor = Wet hie: im approaches unity, which is the limit whon 
§ is infinitely groator than ZZ; in tho Jaticr onso we linvo also, J/’s= 27; tho 
formulas (A) and (@) then become identical, oxcepting tho coefficients, that in (2) 
_ being 4 less than in (A). Wence wo may conclude that for any lenglh of 
weir, and for any depth upon it, providing thal the depth of the canal leading 
to the woix, is vory great relatively to the dopth on tho weit, the quantities 
computed by the formulas (4) and (3B) will diffor fy only. 

Tn practice, howover, 8 is seldom very grent, relative to MZ Tek us take an 
example conforming more nearly to tho usual eases theb occur in practice, Tot 
HT=1 foot, f= 8 feet, L=10 fect, by tho formula (A), Q== 84.562 cubic feet 
per second. In the formula (2), WZ’ is tho depth on tho weir, corrected lor the 
mean velocity of the water approaching the weir; this volocity is equal to the 
quotiont of the area of tho soction of the canal, divided by the qumiily. But 
the yuentity itsolf deponds on this velooily, ‘ho formula (/#), if pub undor vo 
form to give the quantity directly from tho measured depth upon the weir, 
would beecomo very complionted; if will bo equally oxact and much enaivr, to 
find tho quantity by succossive approximations as follows, ’ 


Ist. approximation. 
Assumo JZ’ == 1, then @ = 88.8, 
2nd approximation. 
re aia the mean velocity of tho water in tho canal lending to the 


woir is WES} 5 == 0.8825; and for the head duo this velocity wo have coneggeslt 


ce 


hear == 0011; 


T= (1 4-1)}—E] = 1.0108; 


Q == 38.816, 


A third approximation in a similar manner gives @== 88.817. 
Tho proportional differonce of tho quantities by the two formulas is about 
_ Fry oF a little over two por cont. 

Boileau, in establishing his formula, assumes that the living foree in’ the 
entire section of the canal is oxpended in increasing tho discharge over the 
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weir; in the rhothod adopted in this work for correcting the depth on the weir 

for the velocity of tho water in the canal, it is assumed that the living force 

in the paxt of tho section of the canal equal to the arca of the orifice of dis. 

charge only, is oxponded in increasing the discharge; as applied to a weir of 

tho form under considexation, it is cloor that neithor of these assumptions is 

strictly true; the latter, however, appears to be the most rational, and to agree « 
the best with experiment, 


PRECAUTIONS TO BE OBSERVED IN THE APPLICATION OF 'THE PROPOSED FORMULA. 


104, Q== 8,83 (L—Oln I): 
in which 


Q== tho discharge, in cubic feel por second ; 
J:== tho longth of tho weir ; 

a-tho number of end contraction ; 

Jie= the depth on the weir; 


the Kuglish foot being tho unit of measure. 

When the contraction ia comploto at each end of the weir, 2==2; when the 
woir ia of tho same width as tho canal conducting water 10 it, the end con- 
t 





bn is suppressed, and n==0. 

“4 formula is only applicable to rectangular weirs, made in tho side of a 
dam, which is vorlicnl on tho upstream side, tho crost of tho weir being hori- 
wontul, mud the onds vertical; also, the edges of the orifice presonted to the our 
ront must be sharp; for, if bevelled or rounded off in any perceptible degree, a 
material eMeol will bo produced on the discharge; it is essential, moreover, that 
tho alvoam should touch tho orifice only at theso edges, aflor passing which it 
should be discharged through tho air, in the samo manner as if tho orifice was 
cul in a thin plato, ; 

Tho formula is nob applicable to cases in which the depth on the weir 
exeweds ono third of tho length; nor to vory small depths. In the, experiments 
from which it has beon detormined, the depths have varied from 7 inches to 
nomly 19 inchos, and hore seems no reason why it should not be applied with 
safely fo any depths between 6 inches and 24 inches, ‘ 

Tho height of tho surlce of the water in the canal, above the crest of 









\ 
134, WXPERIMENTS ON ‘MIE FLOW OF WATER OVER WEIRS, 


the weir, is to bo taken for the: depth upon the weirs this hight ehould ha 
- taken at a point fu enough’ trom the weir to bo unilvotod by the curvature 
caused by: the discharges if more convenient, ib may be tuken hy anewtna of aw 
pipe opening near the bottom of the cant) near tho upstream sila of the web, 
which pipe may be mado to communicate with ‘a box. placed in. any convenient 
. situation; -and if the box and pipe do not leak, tho height may bo obsvrved, in 
thig ‘mannei, very corvectly (art. 175), However the depth! may he observed, it 
may ‘require to be correctod for tho volocity of the wator hppionching the weir 

The end contraction must cither be complote, or ontively suppressed; tho 
necessary distance: from the side of ‘tho canal or voxorvolr ty the ond of tho 
Weir,’ in order: that. the. end contraction may be complete, is not definitely deter. 
mined; in experiments 1 to 4,:tablo XIE, the depth ont the weir was about 
15: feet, and the distance from the ‘side of tho canal to tho ond of the wolt, 

‘about: 2 feet; the proposed formula applios well to all these: experiments, Th 
cases where thero is ond contraction, we many agaumo a distance from the side 
of: the canal to tho ond. of the woir oqual to the dopth: on tho weir, as tho 
least admissible, in order that the proposed formula may apply, 

As to the fall. below. the weir, requisite to givo « foo dischargo to the 
water, it ia not definitely determined; comparison of experiments 4), 60, and 
61, table X, indicates that, when the depth on tho weir is L foot, and the onto 
sheet, after. passing the weir, strikos a solid body at about 0.6 feet below the 
crest of the. weir, the discharge, with tho samo depth, is dhninished whoubk golyg 
By. experiments 1 and: 2, tablo XIL, it appowrs that, when tho shoot passing ‘the 
weir, falls into water of consideiable depth, the depth on the weir hoing “about 
0.85 ..fect, no difference is porceptiblo in the discharge, whether tho wateisir 
foet or. 0,285 fect below the crest of the weir; it is vory, ossontial, however, in 
Ul cases, thet the air under the sheet should have freo communication with the 
external atmosphere: With this precaution it appears thal, ‘it the full heliw the 
crest of the. weir is ‘not less than half tho depth upon the wolt, the diseliurge | 
over the: weir ‘will not. bo poreeptibly obstructed. If tho wheat iy of -vory grant 
longth, ‘however, \ more’ fall will bo necossary, wnloss some gpodial arrangement is 

made “to. atipply air to the spacd under the“ sheat™ at tho places that would 
otherwise not have a froe communication with ‘the atmorphoro, 

In respect tothe depth: of tho canal leading te the wait, exporhnenta 86 ta 

: 48). table XIIL, show that, with a. depth as small as throo times that on the 
“weit, the proposed formula agrees with experiment, within lena than ona per cent; 
“this proportion. may be taken as the least admissible, when an acenrate gauging 

is required, a ; 3 
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Lt not unfkequently happens that, in consequence of the particular form’ of 
the canal leading td the weir, or from other causes, the velocity of the water 
in tho canal is not ‘uniform in all parts of the section; this is a frequent cause 
of serious - crroy, and is often. ontixely. overlooked. If great irregularities oxist, 
they should be removed by causing the water to pass. through one or more 


gratings, presenting bumerows small apertures equally, distributed, ‘or othoxwise, as. 


the caso may require, through which the water may pass. under a small head; 
thoso gratings should :he placed as far from the weir as practicable. 

Te the canal leading to the weir has a suitable depth, it- will be requisite 
only when. great precision’ is required, to correct the depth upon the weir for 
the velocity of the jvater. in the canal by the. formula (D) (art. 158) ;~ thus, in 
experiment 42, table! XTIL, the water in tho. canal. had ‘a mean velocity. of about 
1 foot por second, tho offect of which was to increase tho. discharge about . two 
por cont; in oxpdriment 82, in which the. velocity -was, about “0.5. feet pew 
svoond, . the discharge was. inerensed about one per centi;. those -examples . will 
enable the operator ‘to. judge, in. cach caso, of the nocossity of going at the 
troublesome caleulation for correcting the ao on tho weir, 


1 
2 


| 
oe 


MISCELLANEOUS EXPERIMENTS ON THE FLOW OF WATER, MADE AT 
TUE LOWER LOCKS, IN NOVEMBER, 1802 


“On tho discharga of water over a dam of. the stad section as thet ereeted by tho’ Hessen Comprny, across. the 
Morrimack Rivor at Lewvened, Miaeachiuetie, : 


165. As these experiments cannot be usefully, dompared with (hose on woirs 
of more regular form, they have not boen included in tablo XII; and. as they 
ave of lesa gonoral. interest, thoy will not be given with much detail, 

Tho. form of the dam is yopresonted by figures 11 ‘ond 12, plato XIV. 
(art 147); the other apparatus was tho semo as that used for tho exneriinonly 
in table XII 

The ond contraction was suppressed hy making the enna loading to the 
overfall of the same width as tho. ovorfall itsolt The water in tha hook gange 
boxes communicated only with the wator contained in tho spaces belayeen the 
“masonry and’ tho woodwork forming the sides and bottom of the canal leading 
to the overfall; as there was a froo communication. betweon tho water at A, 
figures 11 and, 12, and: that near the hook gauge boxes, and us tho wator 
hetween these places was sensibly at rest, wa may consider. ba the. height ot 
the water was taken at Ai i , 

166, In table XVI. theso experiments ave exhibited. in suiont detail to he 
intelligible. 

Cotumns Land 2 require no explanation. 

Cow 8, The heights: contained inthis column are akovo tho mean levol 
of the orest. of the dam, which was vory noarly horizontal for a diatanca of 
2.06 feet from. 0 to D, These heights have not heen corrected for tho velocity 
of the water approaching tho. weirs; indeod; from the manner in which they 
: Were observed; no correction waa necessary. 

_- Conmm 4, The quantitios in this column have been obtained in tho manner 
described in the explanation of table XII, (art 158). . 
Coron 5 Quaatily of water passing over the dan, caleulated by the Jorma 


Q== 8.01208 74"5". 
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This formula was arrived ot by® trial of various powers of 2, and -was 
adopted -as ropresenting, tho most nearly, the results of tho. five experiments “in 
the table; it should be distinctly understood, however, that it is not applicable 
to depths much grenter or Jess: than in the ‘experiments from which it is. - 
deduced, In April, 1852, the dopth of water flowing over ‘the, dam at Law 
renco, was 10 feet; if -the quantity. then passing over the dam were com." 
pnied by this formula, it is probable that it would be greatly in error. 

Coun 6. Proportional difference. Tt will be observed that the’ greatest pro- 
portional difference is.0,0085, or less than one per cent.;. we may therefore say 
with confidence, that wo can compute the flow of water over the Lawrence dam; 
when free from ice or other obstruction, for any. depth not greater than 20 
inches ov loss than” 7: inches, withaut..being lable to. an error b exneaaing one 
por cont, : bE Aes 
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167, It is often. a matter ‘of gredt doubt and uncertainty, to: i wat what 
distance from the weir. the depth of the water upon ib should be. observed ; 
very often: also it becomes n matter of necessity to observe the depth at a. dis, 
tonco from. the weir so small that, according to some; the quantity of water 


passing the weir, computed in the usual manner, would -be liable ‘to. sensible’. 
18 
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error. Vor the purpose of oblaining somo Tight wpon this pofut these expert 
ments were underlaken, aud, as they wore modo with all the preemitions for 
insuring docuracy that could bo dovisod, they will bo desoribed with some detail, 

168. Figures 8, 9, and 10, plato XIV, represont tho form of tho weir, and tho 

system of pipes used for theso experiments, Tho canal lending to tho woir was 
“of the same width as tho weir, so that the end contraction wna supproraci, 
The pipes were of lend, about tlroe fourths of on inch interior dimneter, the 
lower extremities of which, numbered from 1 to 8, woro about threo inches 
above the bottom of tho canal, and erminated in holes in tho hoard CC; the 
side of tho board at which they oponed was vertical, ond in the axis of tho 
canal; tho ends of the pipe did not project through tho board; the othor extremi- 
ties of tho pipes were fastened by small flanges to the bottoms of tho hook 
gmge boxes; holes wero made in the bottoms of the boxer correaponding to 
cach pipe, and communication between tho boxes and tho pipoa could be com 
trolled at pleasure, by plugging up these holos. «It will bo readily perceived 
that heights of the water obsorved by this apparatus aro not nocossuwily the 
truo clovations of tho surfico of the water immedintely ovor the orifecr of the 
pipos, but that thoy are the clovations of tho surfice in the hook gaugo boxer; 
an elevation which is due to the statical prosauo on the orifles of the pips. 

169, In order to obtain tho heights at different distancos from tho weir, 
observations were necessarily made with both hoolt gauges at tho same time, 
one of which was always in contmunication with a pipe opening at 6 feot from 
the weir, thé apertures in the bottom of the box, communicating with all tho 
other pipos, being plugged up; at the other hook gauge, oither pipa migi 
in communication with the box, all the other aporturos boing plugged wp 
the dopth at six foot from tho woir was observed in ench oxporimont, to bo 
used ag a standard with which the depth obsorved simullancously at any other 
distance might be compared; this mode of procooding was rendorad necemury, in 
consequence of the impossibility of maintaining tho level of tho water uniform 
for any orsiderablo longth of timo. 

170, Th considering the sources of orror to which tho obsorvationa with tho 
hook gauges were linble, it appoared thet four kinds required fo be apecially 
guarded aginst, nomoly: Hos, imporfect comparison of tho gouger, with the lop 
of the weir, Second, defootive stability, in consequonce of which tho reliutivo elo 
vations of the gauges aud tho woir might not be constant. 7%urd, errors in tho 

.eniduation of the gaugos. Fourth, the differonco in the habit of observers, in 
making the point of the hook coincide with the surfice of the wator; or, what 
we may call, the personal orror, Th relation to the jist, wo must bear in mind 
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that the yoquirement here is not so much thet the ubsolute height ebove the 
top of the weir should bo oxactly detorminod, as that tho differenco of the 
heights al two points, at different distances rom the woir, should be determined 
correclly; if then we know tho relative heights of the two gauges, the object 
can bo attained, even if we do not know preciscly the height of cither of them, 
relatively to the weir. The heights of the gauges relative to cach other, could 
easily bo ascertained at any timo, by closing up all the aperturos in each box, 
except thoso communicating with pipes, numbers 4 and 5, which, it will be seen 
by referonce to figuro 9, had a common orifice at their lower oxtremities; con- 
sequently, the surface of the water in both boxes must have been at the snine 
level, ‘he correction to be applied to the reading of one of the hook gauges, 
was takon as previously determined for the experimonts on the discharge over 
tho woir, and tho correction for tho other gauge, was deduced from simultaneous 
obsorvations on both gauges, when tho boxes communicated with a common ori- 
fea, in tho manner just described, Tho second source of crror was guarded 
against as much as practicable, by making the obsorvations for the correction 
just doseribed, at nearly ihe same timo os the exporiments to which if was to 
bo applied, Tho dangor of exror from tho dard source was much diminished by 
making the obsorvations for the correotion, with nearly the same depth upon the 
weir as in tho oxperimonts to which it was to be applied. The fowth source of 
orror ‘waa oliminated by determining the correction separately for each pair of 
observers, Jn short, those four sources of orror wero reduced to a minimum by 
delormining for each sossion: of the experiments, and for each pair of observers, 
relative corrections to bo applied to the readings of tho hook gouges, to 
tho depths upon the weir; the dopths, when :the observations for these 
corrgelions wore made, being nearly tho samo as in the experiments to which 
they were to be applied. 

171, In table XVIL aro given tho rosults of the observations made for the 
purposo of obtaining tho rolative corrections for tho gauges, for each session of 
the oxporimenta, and for cach pair of obsorvors. In computing the depth upon 
tha woir by tho north hook gauge, the correction —~0,03072 is applied to the 
mean verding of tho gauge, (ar 148); tho mean reading of the south ‘hook 
gauge is givon; as the water in both boxes is at tho same height the differ. 
onco betweon tho depth upon the woir, as determined by the north hook gauge, 
and tho mean xeading of the south hook gauge, must give the correction for the 
last named gauge, 
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VYABLE XVII. 


















North hook gauge, in von ule ‘ ‘ 
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0 fuct from the wolr, 
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» M2, It will be peresived, by on examination. of table KVIL, that there aro ; 
Sreater ivegularities in ‘the comparisons by some. observers, than in those by : 
others; this is to be attributed, principally, to tho different degrees. of oxpert- | 
ence and skill.in. the . observers, 
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173. “In table XVII ave given the details of the experiments, to ascertain 
the oflect of observing - the depths upon the weir, at- different distances from ihe 
weir, by. means of pipes opening near the bottom. of ‘the. canal. In order to 
obtain the depth upon the weir by the north hook ' gauge, the correction 
--0,08072 has heen applied to the mean readings of this gauge. The correction 
for tho south hook gauge is. taken from” the final’ column of table XVIL; for 
tho corresponding session and pair of observers, From want of ane pipes num. 
ber 6 ond 7 wore not'made uso of. 

Tt will ho perceived, by roferring ‘to’ the final column of table XVII, that 
the: difforonces in the heights, at the different distances tried, ave very inconsid: 
erable, and such. as could be dotected only by the most delicate means. of 
observation, © 

174. ‘Two comparisons were made in ‘a similar: manner, of the - heights, when 


one gauge box communicated with a pipe opening neon “the “bottom of. tho 


onnal, and tho other with a pipe opening through the side, at about 4.2 feet 
ahove the bottom, the orifices of both being at 6 feet from the weir, a8 ropte: 
rented at 2B, figures 8, 9, and 10, plate XIV.; tho following are tho results, 


Hivet comparison, made November 7th, beginning at 8", 62’; rw 
Francis, ‘at north hook gauge, with pipe No. 6, depth on weir . 0.81616 feet, 


Avory, vb south hook gauge, with pipe B « $ O81641 « 
Difference vo ee ee ee ee ww + 0.00025 fect, 


Sqcond comparison, made November 7th, beginning at 4", 55 pm. ae 
gacis, at north hook gauge, with pipe No. 6, depth on weir - 0.81775 feot. 
nvell, at south hook gauge, with pip Bo mi O8LTTE 
-+-0.00001 feet. 









Difference 60 es 


Thos differences ave so minute that wo may conclude that the depth was 
tho: arma whether tho pipe oponed neat the bottom of the canal or at 4.2 feet 
above. 2 Siti 

176, These oxporimonts, are in comootion with those of Boileau," 
lias. arrived’ at. similar yvosults, leave no doubt as to. the proprioty; ‘vhienever 
convetiionce requires it, of observing the depths upon the weir by itieans of .a 
pipe oponing into the dead water, near the bottom of the | canal. Oe the? upatreatn 
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* Jangeage des cours emt, by MP. Boileait. Paris: 1880,: 
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A METIOD OF GAUGING ‘THE FLOW OF WATER IN OPEN CANALS OF 
DNIVORM RECTANGULAR SECTION, AND OF SHORT LENGTI. 


' 


176, Tim motion of water in canals of uniform section, and of great length, 
has beon snecessfully investigated by sevoral eminent philosophers and engineers; 
all their caloulations, however, are based on certain fundamental conditions, relating 
lo the uniformity of the motion, either in different parts of the same section, or 
in tho different sections;" conditions which ave not generally fulfilled in canals 
of which the Jongth is short in proportion to the other dimensions, Tt is a 
maticy of common observation, that the irregulavitios in the motion of water 
cunsedl by changes in the form of tho channcl, or in tho direction of tho cu 
vont, do not coase immediately aftor passing the causo of the ivrogularity, For 
instance, if the water at its ontrance into a canal has, from any cause, a greater 
velocity on one side of tho canal than on the other, the irregularity will dis- 
appear only at a certain distance from the entrance, depending upon the par- 
tioulay circumstances; this distance may be equal only to the width of the 
nu,sor it may be at ton times that distanco; and it is only after the water 
mz (raverned a eufficiont distance {o becomo freo from such inrogularitics, that 
@ uaual rulos reluting to its motion are applicable. 

177, ‘The volume of water passing a givon section of a canal, is equal to 
tho product of the avon of the section by the moan velocity, talon in a direc 
tion perpendicular to the plano of the section; in atraight canals, of uniform 
section, and of groat longth, the motion of the water, after passing through a 
cortain length of tho canel, becomes regular and uniform, in which case the 
monn velocity may be othaget with considorablo accuracy, fiom the velocity of 
tho surfice nt the centre“of ithe canal, where tho current is the most rapid. 
In short canals, however, this method is ravely applicable, if much precision is 
required. Various other methods have been devised for obtaining the mean 
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* Soo A Treatiss on Water. Works by Charles 8, Storrow. Boston: 1835, Pago 24, 
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velocity in such cases,* allording approximations moro or lost perfiel, It lias 
been frequently found convenient at Lowell, to gaugo argo stroma of water hy 
causing them to flow through short rectangular canals of uniforin suction, and a 
particular method of obtaining tho mean velocity has boon practised, which will 
now be described. 

178. A convenient part of the feeding canal is solected and lined with time 
bers. and planks, so as to make a smooth and uniform rectangular olumol; this 
is called o flume, he mean velocity is, obtained by moans of tubes, loaded at 
one end, so that: they may float in nearly a perpendicular. position, the lower onda 
just clearing. the. bottom of tho ‘flumo; these tubes aro pub in new the uppor 
ond of the flume, and from the observed paths and velocities. that they  axssmne 
through a defined portion of the length of the flume, a ameun velovity. ia deduced, 
‘Three of these flumes ara: represented at figuro I, plate XI J is the tlune used 
to. gauge the water drawn by the Middlesex Company through. tho ponstook 27; 
Gia the. flame for gauging the water drawn by the Massuchusatty Cotton-Mille ; 
and AL the. lume for gouging the water drawn by the Booth CottomwMillk; ono 
sido ond. the bottom of cach. of the two latter fumes, aro permanently wttashad 
to. the cinel, Whenever a measuroment is desired, the partition is pub ins it fs 
algo continued down tho. canal about 900 foot beyond the lowor end of tho thine, 
ox to a point just below tho lower, ponatocls, through which water is drawn. by 
tho . Massachusetts Cotton-Mills;- at which: point, it is connected with the | bank, 
These two. establishments are all that draw from this canal When the. partition 
is. in plaoe, and, impervious to water, all. tho wator that passes tho fluma 7, is 
drawn by tho Massnchugotts Cobton-Mills; and all. that passes the flumoe a4 is 
drawn by the: Boott Cotton-Mills. JY, gratings fur tha purpose. of equalizing, Aa 
certain extent, tho volocity of -the water entering the flumog; those are. not nocor 
sary.in all situations The fnll at the grating is usually from 2 to 4 inches, and 
the level of the water in tho basin 4, is raised an. equal amount whenever a 

measurement js made, . O, fonts or xalts mado of planks, for the -purposo of 
diminishing, the oscillations In tho: surface, caused. hy. the aratingé. P and i, 
timbors for tho. upstroam and downstream transit stations 3 the upstream sides of 
those iimbers form vertical pluncs, marking. dolinito arts of tho fluiney, in which 
the. mean, velocitios, ave to bo menstved.; those timbéts, and also tho intermedinte 
timbors. Q, are graduated into feet, tho zero. points being in the axes of tho 


= 





* Sco Watshach's Principles of tho Mechanics of Machinery and Lingingoring Vole 1, elu VII, Phila. 
elphia: 1848, ihe 
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respective flumes; this graduation is for tho purposo of being’ able to observe the 

paths of the-tubes. 8, gauges, placed in boxes ‘communicating with the flumes, . 
for the purpose of showing. the depth of water in the flumes, The times of the 
transits of the tubes at both of the stations P and 2, wore observed by the sanie. 
chronometer, the signals being made by an. electri¢ telegraph erected for the. pur- 

pose, Tho telegraph used. for this: purpose, is a very simple ‘appardtus;. the circuit 

is formed by an insulated copper wire, about yy. of an inch in diameter, and. the 

electric current is maintained Ly a small galvanic battery. Whenever the circutt . 
is broken, 6 small clectro magnet becomes demagnetized, which causes. a slight 

blow to be. struck on: a vertical glass plate, placed near the observer, who notés ‘the 

times of. the transits; apart from the precision of the. results’ obtained. by this 

mothod’ ‘of ‘giving’ signals, it-.is quite an: advantage. to’ be able to. station the 

observer at some: quiet and:conveniont spot in the neighborhood. fe Se, 

Tho tubes are cylinder, -made of-tinned: plate, about ‘two. itolieg in diameter, 
and of a. length usually a little exceeding’ the “depth of the! Water in. the - flame. 
‘Tho clevations of every part of. thé “bottom being’ known, ‘a’ inspection of the. 
gouge S shows at once the height of the surface of the water’ it ‘the flume ‘above 
tho monn lovel of the bottom, and also above the ‘highest part of the. bottom. “The 
tubes are londod with lead at one end, so as to sink. in stagnant water.'to: a depth 
about an inch less than ‘the depth of the watq on the highest part of ‘the bottom, 
Whenover the level of the water is linhle to vary, several sets of tubes: aré pre- 
pared of different lengths; genorally, however, at. Lowell, the level’ can be. maii- 
Pitained at a uniform height with: sufficient exactness, during the period. required ‘for’. 
moasuwomont ‘Che length of the tube is such as to project about four’ ingles 
@ the surhtieo of the water; on some occasions. thoy Tiave “acoiden ally “been 
much longer, If the position assumed by tho tibes varied much fiom tho. vertical, 
it would become sensible in auch casos; it: has “seldom . been péiesived; however, 
evidently becanse the ‘contro of. gravity of tho’ tuba dg, so: fur: ‘below. the: centre 
of gravity of the space “ognupiod hy the initnorsed portion’ f the. tube, ’ 

The operatidirrot obsa ying tho passage ‘of a” tube: is: fs’ ‘Yollows. An assistant; . 
standing upon the float OG “Or on a platform in’ about’ the same: situation. if ni 
is used, placos the tubo in, J nearly vertical position“ ag ho“ can, immer; 
to tho required depth, and tt: any required. point in the width “of the 
manouvre requiring a little practice to. perform “it in’ a ‘satisfuctor 
tube being abmndoned to the. currént, reaches: the transit. station: 2 ; 
observer, at the instant it copagses, touches. the key: ‘of. the...“ circuit” .con- 
nected with the wire,.of the “PEER; ‘which. catises ai signitlto be. made in the 
vicinity of the chronomé at which the time “of the: transit is noted, Another 

19° te 3e, 
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assistant notes the distance from the axis of the flume, at which the tube passes 
the upper transit station, The tube passer on to the inturmedinte station Q, 
where an observor notes its distance from the axis, At tho lower station Ji, the: 
observations of the transits, and the distance from the axis of the flume, are token 
in’ the ‘same manner-as at the upper station 2. An assistant standing on «a 
platform. a little.on. the downstveam side of the station 2, catches the tubes aa 
they leave the flume. 

“179, In deducing the mean velocity from the observations on. the phasnge 
of the tubes, it is assumed that each tube moves with exactly the mean velocity 
of tho water” throughout the whole depth of ‘the ennal, in tho partioular path 
followed by the tube; tho distance traversed by the tubo being measnred on a 
line parallel to, the axis of the: flune.. An obvious objection to thia axwmnption 
is, that’ the tube does uot extond to the bottom, und that, consequently, a portion 
of the’ stream in which the water has. the least velocity, has no direct offvet 
upon’ the velocity of the: tube, which will therefore assume. nv velocity somewhat 
above the mean forthe whole dopth. Woisbach, in his Principles. of the Micheaics 
of . Machinery and Engineering, previously cited, volume. 1, chapter VIIL, has the Lol- 
lowing rottark,: which ig well founded, and has‘a direct. rolation to the subject 
under ‘consideration... “As a rato, especially with Jargo and floating bodies, ns ships, 
ote, the velocity of the swimming. jody is soinewhat groater: than that of the 
water; ndt so" mich Beoatise. these bodies in awimming float down an inelined 
plane: formed: “by: the surfiee of the wator, but because’ they take nono, or reareely 
any, part: in “thi itvogtilar intimate motion of tho water; alill, tho. variation for 
amall floating bodies isso slight that it may. bo noglected.” Again, if tho’ watey 
has ‘different volocitios at different depths, it ia plain that, ‘at’ somo parts: Y | 
length of’ the tube, the water will’ be passing by it, cating’ o premure on ‘tho 
upstream side “of tho tubey: and at other ‘parts of its length, the tubo will. be 
moving thtough'the wag’ causing a prossure on its downstream. aide; these two 
pressures will “genovall¥eme in equilibrium, The - progsiue any point of the 
“tithe, Willy: according to well-known principles, be prop o aquare of tho 
relative Velocity of the tube-and of :the current, at: me points consequently, 
if we suppose: the: depth. to which the tubo is iggaorsed to bo divided into a 
great. number of ‘equal’ “amine, we shall havo tho*fwn’ of ‘tho squares of tho 
teélative volocitios of all: the lamin that are moving fiwtor than the tube, equal 
to tho sum of the squares of the relative volocities of all tho Jamine that are - 
‘moving slower: than tlie tube, Tho mean volog the cwrront for tho svhole 
depth “to: which’ tho tube is immersed,’ is equa, hmeticnl mean of the 
velocities of: ‘all: the laming, The velocity ‘assumed 10. tube, depends upon 
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a different laws ‘hence, it is evident that, secaity the tubo will assume a velocity 
differont from the mean relpelty ‘of the: stream,. for the depth to which. the tube 
is. immersed, 

Although it is obvious that, whenever. the velositee ab different donthe: donot 
vary much, aa is: usually the case in canals, the difference between the- velocity 
of. the tube, and the mean velocity of the stream,.for the depthto.syhich the tube + 
is immersed, must be small; still, there is a degree of uncertainty attending it 
Tt is also unknown what correction to make, in: consequence of. the tube not 
reaching to the bottom of tho canal. In. order. to. estimate the degree. of accu- 
roy of this mode of finding the mean yelocity, and also. to. ascertain what: cor- 
rection to apply.to..the-results. of such. gaugings, ‘experiments. have : been made: at 
Lowell, on 9. ‘soale of unusual magnitude, The mean. velocity of the ‘water. passing 
a flume, hes. ‘beon, obtained: by, mons. of the tubes,in. the. manner ° described above; 
from this, and. the known, dimensions. of. the fiuine, the quantity of water 
flowing through it, has been deduced, After passing ‘tho, Altima, the: same. water 
was ‘caused to flow over weirs of ‘regular form, byy: which isnt independent 
gauge. of tho quantity passing the flume, was .obtained,..-by..:8 aimethod known to 
ho sufficiently oxact for most purposes... The apparatus. with which these expoti- 
ments wore made, together with the method of conducting them, will now -be | | 
described, . he 

180, The menn velocity of the water passing the Middlesex flume, was 
vhtained. by: means of the tubes, in the manner described ebove.: In figure 1, 
plato XL, tho flume is vepresonted at J as. it was. in the four experiments, 7 de. 4 
aor 16th, 1862. Tn these experiments. tho arrangements, were. the, ee 
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total length of these weirs was 77. ae feet, ‘The: crests of the,.we 









experiments, Soe 
the. purpose of facili: 


“the weirs, in. hon 
_N, figures 2 and -4wo 





dil 
thes 


pais ni "foot, 


148 A METIOD OF GAUGING THE FLOW OF WATER 


tating tho change of direction of the current entoviug the basin Ay whieh, ib 
will be perocived by reference to figure 2, had to tun ab right apgles to reach 
two of the weirs, The quantity of water ganged ot these weirs, verte in the 
different exporiments from 120 to 208 cubic foot per socond, In gauging tho 
larger quantities, i¢ would havo boon more satisfactory if the basin A” had been 
more oxtensive, as tho change of direction in tho crvent eaused a sensillo 
inequality in the heights of the water, in different parts of tho basin; however, 
as the depths upon the weirs are deduced from observations mado at the four 
gauges symmetrically placod in relation to the weir, only a Hight error can have 
axison trom this cause, Precautions were taken to prevent lJeakape betwoen the 
flume and the measuring weirs, and tho change in tho quantity, from Unis cause, 
must have been entirely insensible. 

Before commencing an exporiment, the velocity in tho flume war regulated, 
if nocessary, hy placing planks across the Jock, at the hollow queina O; nw 
chango whatever was mado in these planks during an experiment Itiguves (, 2, 
and 8, show tho form of the appronehes and of tho gratings, at the heads of 
the flumos, ‘Thoso arrengoments had an important offeet upon the volative velovi- 
ties in difforoné parla of the section of tho Unme, aa will be explained further 
on. In tho oxperiments mado August 16th, the distanco between the patron 
and downstream wansit stations, was 110 feot; in the oxperimenty of September 
6th, this distance wea roduced to 100 feots tha chango being made in the pox 
tion of the upstream transit station. 

181. ‘With a view of vondering theso experiments more intelligible, the detuils 
of the observations made at the flume, *% jhe puro of obtaining thes mew 
velocity in oxporiment 6, aro givon at figth in table XIX, which containy- 
the greater part of tho reductions of the obsorvations nocessiry,.in order to fin 
the moan velocity. ; ” 


EseaNation oF wpe The grentor part of tho columns aro suffleiontiy 
endings, ; 


explained by the regpq 
Reon ‘distances given in this cg 
















Oorunw 6, ‘Tho 
twice the distance af the middle station to the distd 
tions, and dividing tho .aum by 4. 

Comm & For the purpose of simplifying the Tetaclion, avillanetionl means 
avo taken of all the magn distances of tho sido tubes that fall betweon tho even 
feot from the contro; md tho game also, with tho corresponding ratios of the 
vologities of the side tubes to the centro tubes. Tho are tiles in column 8 are 
reprosented by tho disgram, figure 4, plato KV, “Witch i od from the original 
on & much larger scale, ,Tho mean distances aro ¢ the abscissas; those 
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on the north side of the centyo, més; those on the south side, plus, The ratios 
of tho yelooilies aro taken for the ordinates, the upper extremities of which are 
connected by tho broken line; the full line connects the extremities of the ordi- 
nates, corrected, whon necessary, for the most striking irregularities of the obser 
vations. In tracing the corrected line, o weight is attributed to tho ordinates, as 
they are given in column 8, proportional to the number of observations from 
which they aro respectively deduced; thus, the ordinate deduced from all the 
obscrvations with the contre tubes, which is taken as unity, is determined from 
twenty-four obsorvations; while the adjacent ordinates on each side are deter- 
mined from a mean of two observations each; consequently, it is assumed that 
the ordinate corresponding to the centre tubes, is determined with a much gredter 
degree of certainty than the adjacent ordinates, and in drawing the full line for 
the corrected ordinates, a corresponding weight has beon givon to it, The ordi- 
natos terminated by tho full line, are assumed to represent the relative mean 
volocities of tho water, at distances from the centre of the flume equal to their 
corresponding abscissas, 
Comumy 9, The numorical values of the ordinates of the full line in figure 4, 
Cosunns 10, 11, and 12, ave for the purpose of Binding the mean velocity of 
tho wholo section, that of the contre tubes being unity. This mean will evi- 
dently be tho aren of the figure ABODE divided by tho sum of the positive 
aud negative abscissas, or AB=9,08 The sum of all the partial areas in col- 
umn 12, or tho area of tho figwe ABCD F= 9.28647, which, divided by 9.98, 
gives 0.9255 for the mean volocily of the, whole section, that of the contrg, tubes 
5 “being unity, | “The moan timo oe “the centre tubes : passing 100 fect, 


"was 20.11 * sa nds; they had, therefore, @ mean velo Pi of stony = 8.0825 feet per 


& 
second, Thotytiown depth of the water in the fl diving the experiment, was 
8,007 feob; Hf mean soction of, fePMlumo was, o@hadiady 


sqaure foots and the quaptily of water passing the fl 
ed Dia my by 
DOL BE 25  0,0255 == 204.6 cubic foct per second. 
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182, During the period occupiod in tho observations af the flunie, 
fonr observers were taking the depths upon the weirs, by moans éf the hook 
gauges; from these observations, and tho known dimonsions of the wélis, the mean 
quuantiLy computed by the formula es 
epg 98 (L—Olam ut, *- 
was found to be 280.44 seit feet per second, or about 8 feet per second less than 


me, 
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by the measuroment in the flume; or, in other wordy, the measurement in the 
flume, by means of the tubes, gavo. a vosult, about. 27 per cent. greator (lan the 
mensurement at the weirs 
The tubes used for determining the mean velocity in. this experiment, were 
immersed 7.875 feet; consequently, thore was a ‘amine of water, betweon tho 
* lower ends of the tubes and the bottom of tho flume, of the mean thickness 


8.007 7.875 == 0.132 foot, > 


The velocity of this lamina could have had no direct influence on tho velocity 
of the tube ; and as‘it is probable that its volocity..was Josa than that of tho 
mean of the Jaminw above it, ib is fair to presume that, if the tubes had been 
immersed to ‘0 sufficient depth to include this Dottom lamina, it would have had 
a mean velocity a little slower than was found by exporiment, and the agree 
ment of tho measurement at tho {lumo, with that at the weir, would: have been 
nearer; this, however, will account for only a part'of the difference. 

188, ‘Table XIX, contains, also, observations with centro floats, ‘Thora. word, 
of wax, about 2 inches in diameter’; tho moan timo occupied by thom in’ pine 
ing 100 feet, was 20.81. sooonds; giving © mean surface velocity of 


100 


inn pers feet per second, 


ora little over 6 por: cent. slower dah the mean velocity ax deduced fram tha 

observations’ vith the tubes, Prony gives g formula for deducing the mean 

velocity of the-whole section from tho ‘locity ; a formula, when reduced, 
: to the English foo!" “hg anit, becomes, i 
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in which, V= tho surf 


ocitys substituting 8.73 
for V; we find aye ra 


eet pent 
ho MOA gg 
: ~ ys 8.0607; 
giving os the quantity passing the flume, — 


79.91. 8.0507 == 248.78 onbio feat por second, 


which ig 15 por cont, loss than by the weir mensuromont, mo such groga’ errors 


is 


are we liable, if wo misapply the rules of hydraahion—~ 






terrane en ent mane et 5 iN 






ae A Treatise on Waters Works, y "Charles S. Storrow. Pago 96, Baston : 1893, 








ee See 


’ 


\ 


Sena aE ROME REESE NON Creer ee 


















































































































































































































































i a (ant 








































































































LU. 
Pian Haef ly sed © 


ony 
ig, 4 
Md ate 




















aay 1 “f ’ » Te & & ig 
AMEVAVEES both oaN THE UAPLRIABATS on fh MUDKL QF OV UPAPRE: VENP WADRR WHEL 


— 


ane 








Pie th 


a 











v 


~ ap? 
= 
ca 





on 


























Nia 










































- PMU 
























































COTTON MILLS 


“hen 
—_ 


ee 


Seale for " 1&2. 
so 8 4 6 sé 4 
ee econ ae 





* 


fA eeL AT TRE ROUTT COTTON MILLS 


fn 
= 
Sul 
bal 
= 

he 

re 

= 

= 

= 

= 

_ 

>< 

= 











rHK TREMONT Tine se 
4 . ‘HANGES THE F } OTHE TREMONT ees ' 
a CHANGES IN THE FORM OF TL ROAT TUR TRAM BIN K 


ney : ; 7 . Ags a Mee 





| eo = « ~ - Ann eee me Wm tte km 



































bbb & tit 


EXPERIMENTS AT MME LOWER LOCKS 














Seale for hig & 









































EXPERIMENTS UPON GAT THK LOWER Locks 


he 4 


7 ne cay ge ena eae EN 


rf . 


fi 


j 
bo 
igi 
i 


ee 2 Hoag 
ar oo 
i 


UL 
Be i MH 


ae a ee a 


t 
' 


HH 
Y 





¥ 


meinen) 
ve + 


{ 


if 
} 





| 


Porerepeerereuyeyer 
f 
: 
i 


4 


1 
! 






































EXPERIMENTS UPON WQUMM AT HE LOWER LOCKS 


hig Dy fill vine 



















































































































































































































Seale for Figares 4,3 aad . 
: ‘ 





nt hes 






Seale foe Hig 1. z : mune Wy 
‘ sf 4 H a Z Y y 


nh nc {AE ae ae SOI : im Yj ae - : z zs oe | Z 








ERIMENTED 


Tuk WS 


Bay Te LoweR Locks. . 





EX 


N 





























esas 
cs ae ao 





=a 


See: 


= 


‘ee 
aoe 


=55 





6 THR Fi 


rN 


AU 


G 








he. 





nh sit i Tan 


ca LT il 


i 


ae 





a 





Hi 
aU cA 


iltit 


Win 


inn | 


tabi 


TEN 
AA 
HIN 





i 





Wor a de we 


eo eek en 


a 








TPE LE a 





IWYDRAULIC EXPERIMENTS. 


| MOWELE 
HYDRAULIC EXPERIMENTS, 


SELECTION: FROM. EXPERIMENTS 


oN ; 
™ a ™ “ i : y. | nied 
“HYDRAULIC MOTORS, 

; . : on’ THE 7 

wo 
FLOW OF. WATER OVER WEIRS, AND IN. CANALS OF UNIFORM RECTANGULAR ae 
Sao SECTION AND OF SHORT LENGTH. ; : 

* 


. MADE at ' 


LOWELL, MASSACHUSETTS, 


BY | 


JAMES B. FRANCIS, 


' @GIVIL ENGINGER, YRLLOW OF THE AMERIQAN ACADEMY OV Ms AND BOYENOKS TO. - - 


. BOSTON: | 
LITTLE, BROWN AND COMPANY... 
‘186. 0. ee 


Entorod according to Act of Congross in tha yonr 1855, by 
JAMES B. FRANCIS, 
in the Clerk’s OfMco of the District Court of the District of Masanchunytta, 


7? 


a 


CAMDRIDER! 
ALLEN AND FARNIAM, PRINTERB. 


STONE AND BMANT, STRRROTYPERS, 


TABLE OF CONTENTS. 


INTRODUCTION. 
PART I, 
EXPERIMENTS ON IWYDRAULIC MOTORS. ‘ 
Numbor of P 
tho Arilola, ‘age 
bd Exruniveyts vrow rem Trevonr Turninn, oe ‘ . . . : : ce | 
1-17, Introduction, © 6 5 ee ee en 1 


18-85.  Doseription of tho Turbine, a a A a ak eR de Sa Sagi 
86-17, — Deseription of the Apparatus used in the Experimont,, «6 9 . . . . . It 
48~53, Mado of conducting the Experiments, BO ORS SR we Agee oa Se ay a AD 
f1-71, — Doseription of Table TL, containing tho Experiments upon the Turbine at the Tremont Milly, 26 
74-82.  Deseription of the Diagram representing tho Exporimont, . 6 4 04 el 8G 


83-88, = Path deseribed by a Particle of Wator in passing through tho Wheel, . . . . 89 
. ' $9-08, Runns ron Proporrronina Turns, 6 

9-100. Exruranaxts on A Moprn or A Cenrre-Vinv Water Wiest, wren Senarany 
Buernry, ' ’ 1 a? a ee .8 . ' ' . ‘ feria) 

110-119. Exreromers on tim Power or 4 Centrn-VYerr Waron-Wunrt, at tim Boort 
CovrowMILia, G Aae, Sa Aeros aS ae eit. ge 8 Oe can ae GTA 

a PART II, 
EXPERIMENTS ON THE FLOW OF WATER OVER WEIRS, AND IN SHORT 

RECTANGULAR CANALS. . 


Exrenmcryrs on tre Frow or Waren over Wrms, . ‘ Whe Oe oa SE 


“490-125, Introduction, Gi Tg as Ca OO res teal ak TL 
126-185, Experimenta mado at tho ‘fremont Turbine, on the Flow of Wator over Weir, .  .. 78 


« a 
’ . 
a a 


CONTENTS, 


vi : 
186,  Fixpeiiments on the Wow of Water over Weir, made at the Centye-Vout Wheel for 
moving tho Guard Gates of the Northein Conal, ‘ ’ . Fi ’ ie o6 
187, Experiments on the Efeet produced on the Flow uf Water over Woire, by the Uvight 
: * of the Water on the Downstream Side, ‘ ‘ . . . . ; ‘ » Oo 
188-147, Experiments on the Flow of Water over Weir made ab the Tower Locks, Lowell, ms 
148-159. Deseription of Tablo XYIL, containing tho Details of thy Experiments on the Wow of 
Water over Wiers made at the Lower Lovks, Lowell, in October and November, 1882, 112 
100-168. Comparison of the proposed Formula with the Results obtained by previous Haperimentora, 126 
164  Procautions to be observed in the application of the propused Lomnala, ‘ ree Ch) 
165-166, Experiments on the Discharge of Water over a Dum, of the suma Seetion as duit erected 
by the Jissex Company, across the Merrimack River at Lawrence, Massachusetts, 6 186 
167-175,  Eaperiments to ascertain the Efeet of quhing the Depths upon a Weir, by men of 
Pipes opening near the Bottom of the Canal, . : . . . : . » 187 
a * 
176-187, A Muruop or Gavena man Frow or Wairr m Orrn CANAL, OF UNIFORM Tau 
TANGULAR Scion, AND oF Suorr Luv@ uy,  . : ‘ ‘ ‘ . ‘ » WB 
TABLUS. 
PART 1 
“ie errs 
I. Weight of a Cubio Foot of pure Water, at different Yomporntuve, .  . 5  . OD 
I. Expeiiments upon the Turblue at the Tremont Mills, in Lowell, Mussnchusetta, . . « B82 
TI. Successive Stops in the Culculation for the Path of tho Water in Experiment 80 on the 
Tromont 'Turbme, . . « 6. ne ae , ‘ . . . . 4] 
TV, Table for Turbines of different Diameters, operating on different Falls, . , ‘ ' . ON 
Y. Exporimonts on a Model of 9 Centre-Veut Water-Wheel, . soo. ' , ’ 68 
VI, Experiments on tho Boolt Contvo-Vont WatesWhee, . =. . s+ 4 6 4 a OG 
+ VIL Successive Stops in the Calewlution for tho, Path of the Water in Jixperiment 80, on thy 
Boott Contre-Vent Water-Whee, .  , . ‘ ‘ ‘ ‘ ‘ ’ ‘ ‘ 70 
PART IL 
VILL. Experiments mado at the Tremont Turbine, for the purpose of testing tho Mothod of roduc- 
ing the Depths on the Woir to a uniform Fall, oe : , ‘ ‘ . ‘ 88 
+ IX. Experiments made at the Tromont ‘Turbine, which were repented under fidontioal civeunstances, 84 
X. Experimenta on the Mow of Water over Weis, made at the ‘Lromont Turbine, . . 88 


XL 
XII 

, WIL 
xIV, 
XY. 
XVL 
VIL 
XVI 


XIX. 
XX 


CONTENTS. 


Exporimonis on tho Vlow of Water over Woirs, made at the Contre-Vont Wheel for mev- 
ing the Guard Cates of the Northorn Canal, at Lowell, Maszaclusetts, 1a 7 
Exporiments on the Effect produced on tho Flow of Water over Woirs, by tho Tleight of 
tha Water on the Downstream Side, © « es . ip © Arad oy , 
Experimenta on the Clow of Water over Weirs, made at the Lower Locks, Lowell, in Octo- 
bor wil November, 1882, . 6. 0. 4 boos 7 : . . ‘ . * 
Comparison of the proposed Formula with the Experiments of Poncelet and TLesbros, ‘ 
Comparison of the proposed Formula with the Baperiments of Costu 6 6 ee 
Fxporhnents on the Discharge of Water oyor a Dam of thy samo Section as that erected by 
the Essex Company, across the Merrhnaek River at Liwwrenee, Massachuselis, 6 4 
Experimenta mado at (he Lower Lochs, to determine (he Corrections to Le applied to the 
Rondings of the look Gauge, 6) ee 
Exporlmonts (0 ascertain tho Lect of taking the Depths upon a Weir, by means of Pipes 
opening near the Bottom of the Cun, 6 6 ee 
Details of the Measurement in tho Whe, 6 6 ee 
Compartion of the Meusurement4 in the flume, with the Measurements ab the Weira, 


. 


13 
122 
128 

Bit) 
137 
140 
142 


15 
133 


INTRODUCTION. 


Tur northorn regions of the United States of North America, probably possess 
® greater amount of water-power than any other part of the world of equal 
extent, and the active and inventive gonins of the American people, combined 
‘with the very high price of labor, has had n powerful influence in bringing this 
power into use, Nevertheless, the waterpower is so vast, compared with the pop- 
ulation, that. only a small portion of it has, up to this tine, been applied to. the 
purposes of man. It was ostimated, not long sinco, that the total usoful offect 
derived from water-power in France, was about 20,000 horse-power, © An ‘amount | 
of powor fur exceeding this, is already derived from tho Merrimack “River, and, 
its branches, in. Massachusetts and Now TInmpxshive, What must be the anoint 
of tho population and wealth of the Northorn ‘States, when the other vivers that 
water them are: equally improved? c 

Qne of the earliest:.and most suecessfil efforts to bring into use, in. a sys 
tomatic manner, one of the larger water-powors, was made. at Lowell in Masia 
chusetts; where, in 1821, a aumber of farms situated near Pawtucket: Falls. on 
the Merrimack River, were purchased by several capitalists of Boston, who obtained 
a charter from tho “Stato of Massnehusetts under tho mame of Lhe Merrinack 
Munyuclurtig Company. In 1820, the property was transferred to the Proprietors 
of the Loeks and Canuls on Mervinack River, w corporation chartored in = 1702 for 
the purpoxe of improviig the navigation of the Monimack River.  Proviously to 
tho ‘transfer, tho Morrimack Manufacturing Company had crested a dam of. about , 
950 fect in length, at tho head of Pawtucket Falls,. and had also - enlarged the 
Pawtucket Canal, which was originally constructed, previously to tho ‘year. 1800, 


by the Proprietors of the Locks and Canuls on Merrimack River, for. the purposes 
: B 
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of navigation, Subsequently to the enlargement, owever, this canal hi heen 
used both for purposes of navigation, and to supply water to the wheeld of 
numerous manuhieturing establishments, 

The dam at the head of Pawtuckol Tally, in ihe ordinary stele of the river, 
fleadens the current of the river for about 18 smiles, fomning, in Jew water, a 
reservoir of about 1120 acres; this oxtensive reservoir ix af great value in very 
low stages of the river, as ib affords space for tho acemnuluion of the flow of 
the river during tho night, when tho manufictories are nob in operation, — This 
accumulation is subsequently drawn off, together with the natural How of the 
river, during the usual working hours, 

The total fall of the Merrimack River at Pawluckel Folly in ordinary low 
water, is about 85 fect, of which about 2 feet i¢ Tost in consequence of tho 
descent in the canels, leaving a nel ful of about 83 fect, About f af the water 
is used on the ontire fall, and the remainder ix usod twice over, on fila of nhout 
14 and 19 feet respectively. ‘The wator-power has been granted by tha Prapri- 
elors of the Locks and Canals on Morrimack River, in definite quantities culled 
Mill, Powers, which aro equivalent 10 a gross power of a Tittle Teo than 100 
hoxse-powor each, Grants have been male to cloven manuieliing companies, 
who have an aggregate capital, somewhat excootling dhirteen millions of doltlus. 
Thus, to the Merrimack Manufacturing Company, there have bear grantua 244 
mill powers, each of which consists of the right to draw, for 16 hows por dny, 
25 cubic feet of water por second on tho ontive fall. Up to this time, there 
hove been granied at Lowell 189j4 mill powors, or a tolel quantity of water 
equal to 3595,9388 cubic feet por second. A large portion of this water js usu 
on turbines of a very superior description, and nearly all the renminder, on hreust 
wheels of good construction, » portion of which, however, do not mse quile the 
wholo of tho fall on which they aro placed We may, however, sano that, 
upon mn average, a useful effect is dorived, equal lo % of the total power af 
the water expended. Calling tho fall 88 fect, and tho weight of ‘a enbie fret, 
of Water 62.83 pounds, we shall have for the effective power derived from the 
wator-power granted by the Proprietors of the Tocks and Cannls on Morrimack 
River at Lowell, 


at 
4 
ex 650 x ROX 8965.4 horse-power, 
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In consequence of the success aliending the improvement of the water-power 
al Lowell, several olher extensive waler-powers in New Imngland have been brought 
into use in a similar manner, Some of these undortakings have beon quile sue 
cosgful, whilst with others, as yot only partially developed, the suocess has not 
boon so doeided, . 

The groat abundance of waterpower in this country has had a strong ten- 
dency to gneourage ils extravagant use; the machines used in tho manufhetories 
we usually great consumers of power; the ability of a machine to tun off tho 
greatest quintity of work with the leash manual Inbor, and in tho deasé tine, has 
heen the point mainly considered; and whether ib required o greater or Jess 
amount of power, has been a secondary consideration, 

The engincoring operations connected with the waterpower at Lowell, have 
froquently demanded move definilo information on cortain points in hydyaulies, 
than was to be found in any of the publications volating to that science; and 
honee has arison the necossily, from lime io time, of making special oxperimonta 
to supply the required information. Whenever such omergencies have arisen, the 
officers who have the general care of the interosis of the several corporations, 
with a Hberality founded on onlarged views of the true interests of the bodies 
they represent, lave always beon willing to defray such expenses as wore neces 
smry, in order that tho experiments might be mado in a snlisielory manner, 

The experimonts recorded in the following pages, aro a selection from those 
made hy the author, in the discharge of his duty, as tho Engineor of the Cor 
porations ut Towell. They may be divided into two classes, namely, /irs/, those 
on hydvantia motors, and, second, thoso on the flow of water over weirs, and in 
short rectangular cunals. Combined with the desoription of the experimonts, there 
me also piven some other investigations, which may appear somewhat out of 
pluco, bub which, from Lheir utility or novelty, will be found intevesting to many 
persons who have eullivated tho scieuce of hydraulics, 

The unit of longth adopted in this work, is tho English fool according to 
brass standard meastre mado by Cary of London, now in tho possession of tho 


Lowell Machine Shop. 


+ 
are Lees, 
at i ay, 


HYDRAULIC EX? ERIMENTS. 


PART I. 
EXPERIMENTS ON JLYDRAULIC MOTORS, — 


EXPERIMENTS UPON TIM TREMONT TURBINE. 


1. Une within a fow years, tho water-wwheels in uso in the principal mune 
turing estwblislinents in New Tngland, wero what are there generally called drcesd 
wheels, sometimes known also by the name of pileh back wheels. They ave the samo in 
principlo as the overshol-wheel, the useful effect being produced, almost entirely, by the - 
simple weight of the water in the buckets, and differing only fom the eversiot-wheed 
in tis, that the water is not carried ontirely over the top of the wheel, butts let 
into’ the buckela near the top, but on tho: opposite side from that adopted for the 
overshiotavheel, An apron, fitting as closely ns practicable to tho wheel, ig-used to 
prevent the water leaving the buckets, until it reaches very nearly the. bottom. of 
the wheel. : : / 

In Lowell, these wheols have beon construoted principally. of wool, many of 
them of very large dimensions, Those in tho amills. of the Merrimack Meamubetuving 
Company, for instance, aro thirty feot in diumoter, with buckets twelve fect Jong, our’ 
of the mills belonging to this company, lave two auch wheels in cach of thom. 

Until the year 1844, the breast wheel, as above described, was considered, hore 
the most perfect wheel that could be used. Much. prejudice existed hero,.as elxowhere,” 
igninst tho. reaction wheels; a great number of which. had, hotvever, been used 
throughout tho country, in the smaller mills, and with grent advantage; for, although. 
they usually gave a very small effect. in proportion tothe quantity of water expended, 
their chonpness, the small space required for thom, their greater velocity, being. less 

: 1 
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‘impeded by backwater, and not requiring expensive wheelpits of musonry, wore very 
~ctmportant considerations 5 and in a country where water, powor ia so nimeh' more 
abundant than capital, the economy of money was generally of greater importance 
“than the saving of water, 

A. vast amount of ingenuity has been expended by intelligent millwrights, ‘on’ 
these. wheels; and it was seid, several years since, that not less than threo hundred 
patents relating to them, had been granted by the United States Government. - They 
continue, perhaps as much as ever, to be the subject of almost innumerable modificn 
tions, . Within a few years, thoro has been a manifest improvement in them, and there 
‘are now several varictics in use, in, which the wheels themselves aro of simple forme, 
and of single pieces of cast-iron, giving o usofial effect approaching sixty por cent, of 
the power expended, 

7) \.2.' The attention of Amertaan engineers was divectad to tho inuproved pnien 
: ‘wwater-whéels § in ‘use in Franco and other countries in Europe, by several articles in the 
Journal of :the Franklin Institute; and in tho year 1848, there appeared in that 
“joumal, from the pen of My, Elhyood Morris, an eminent engincer of Pennaylvanin, 
“a. translation of a Freneli work, entitled, Zepertments on. wateravhecls having a vertical avis, 
called turbities, by Artin’ Morin, Captain of Artillery, ete, cle. Tn tho sumo journal, My 
Morris.alg6: published ‘an ‘account of a sorles of oxporimonte, by himsclf, on two turbines 
constructed from his own en and then oporating in tho neighborhood of Phila 
delphia. 
The experiments on one sof those wheels, indicate a useful effect of seventy-fyve per . 
cont, of the power expended, a rosult as good as that claimed for tho prnotioal effect 
of the hest. overshot-whools, which. had, heretofore, in’ thia county, been , consitlerad 
unapproachable, in their economical use of wator. 

8. In the. year 1844, UriahwA. Boyden, Tisq., an sinluaes “hydraulic engineer - 
of Massachusetts, designed’a turbine of. about seventy-five horse-power, forthe Pick. 
ing. House of the: Appleton Compariy’s gottonanills, nt Lowell, in. Masiachusetta, in 

i M piven introduoad soveral Paproyenents of grout value, 










ag found to be sash pov: gant, of the power ixpondud, 
t, In the your 1846, ‘Mr, Boyden superintendod tho construction of three ‘tw 
about one hundred and ninety horsepower oach, for the same company. » By 
the contract, Mr. Boyden’s compensotion depended upon the perform 
arbines, and it was stipuldted that two of them should be tested. .'lho 


contract: a ined the: following ‘clause, “and if the mean power derived from 


“who. found that tho mean maximum ‘affective power of the two turbines 
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these turbines be soventy-cight por cont, of the power of water expended, tho -Apple- 
ton Company to pay me twelve hundred dollars for my services, ond patent rights 
for the apparatus for: these mills; and if the power derived. ho greater than seventy- 
eight per cent, the Appleton Company to pay me, in addition to the twelve hundred 
doliavs, at the rate. of four hundred dollars for every one per cent. of power, obtained 
above scventy-cight per cent” In accordance with the: contract, two of the turbines 
were tested, a very perfect appatatus being designed by Mx, Boyden for‘ tho: purposo,, 
consisting, essentially, of a Prony dynamometer to meonsure ‘the nsf afftbte,* and 
a weir.to gaugo the quantity of water expended. 
6, A groat improvement in the mode of conducting hydraulic aspitindii wad 
hero adopted,-it making each set of observations continuous, the timé.of ‘encli obser 
vation being noted ; thus, the observer who noted tho height of the water above the 
wheal, recorded regularly, say every ‘thirty seconds, tho timo and tho hoight; and so 





witht: 4hé’ other observers, the recorded times ane the means bf afterwards identi- 2 
fying ‘simultancous observations, ; 






G,. Tho observations were put into tho hands: ef the’ audi 


 eighty-cight per cent. of the power of the water expended. 


According to the terms of tho contract, this made the compensation for engineering 
services, and patent rights for these: three wheels, amount to “Alty-two' hundred aller ot 
which sum was paid by the Appleton Company without objection. 

tT These turbines have now beon in operation about eight years, aid their por 
formance has been, in every ‘respect; entirely satisfuctory. ‘The ivon-work for these 
wheels was constructed by Messrs, Gay and Silver, at their machino shop at Novth © 
Chelmsford, near Lowell; the workmanship was’ of the’ finest description, and of a deli- 
cacy se accuracy altogether unprecedented in coiitructions of this class, ; 

. "Thera wheels, of course, contained Mr. Boyden’s Intest improvements, and it 
was ne 'y for his pecuniary interest that the wheels should be as perfect na possible, 
without much vogard to cost, ‘Lhe principal points in which oneof them. differs ftom 
the. constructions of Fourneyron, ao as. follows, 

9. Lhe wooden flume, conducting’ the wader dmmediately to the turbine, ts in’ the for 
an tnverted:truncaled cone, the water being tulroduced tuto the tpper part of the ‘cone, bie one 
sida’ ‘of the dais of the cone (which coincides with the axis of the turbine) in such, a manner, 
that the water, as it descends tn the cone, his a gradually tnereasing velootl “dnd a. spiral 
molioh s the librézontal component of the spiral motion being inthe divection ofthe motion. of the 
wheel. This ‘horizontal. motion is derived from the necessary velocity with which the 
water entore tlie truncated cone; and tho arrangement. is stich ‘that, if perfectly’ propor; 
tioned, there would be “no loss of power between the néemly still water in the principal 
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penstodk cand. the guides or loading cwives noar the wheel, except from the fielion 
of the water-against the walls of ,tho. passages. lt is nob to be suppoxed that the 
construction is so perfect as to avoid all loss, except from friction; but there is, without 

- doubt, a distinct ‘advantage in this avrangement over that which had beon usuilly 
adopted, and where no attempt had been made to avoid sudden changes of direction: 
and velocity. 

10. Whe guides, or leading curves, are not perpenciculia, but a litle inclined backwards 
Jrom. the direction of the motion of the wheel, so that the water, descending with a spiral motion, 
meets only the edges of’ the guides. This leaning of the guides has alvo another viluable 
effects when the regulating gato is raised only a small part of the height af the wheel, 
the guides do not completely fulfil their office of directing the water, the water entering 
thie wheel moré nearly in the direction of the radius, than when the gate is fully raised 3 
by leaning the guides, it will be seen that the ends of tho guides noar the wheel, aro 

“inelined; the ‘bottom. part standing further forward, and operuting more efficiently in 
- direoting the water, when tho mote is partially raised, than if tho guides were poi ook 
dicular: 

i. In thciaeyaans constructions, a garniture is attached to the regulating gate, 
and. moves ;with it; for the purposo. of diminishing the contraction ; this, considered 
apart fom ‘the mechanical difficulties, is probably tho best arrangement; to be perfect, 
howwevel, theoretically, this garniture should be of. difforont forms for different Helgi 
of gttio;’bit this is evidently impracticable. 

Inthe Appleton Turbine, the garniture ts altached to the guides, tha gate (ut least: the lower 
plot sof! it) doing... simple thin. cylinder By this arrangement, the gato meets with much 

- leas ‘obstruction. to -its motion’ thon in the. old arrangement, unless tho parts ato so | 

loosely. fitted. as to bd objectionable; ‘and it is believed that the. coefficient of offect, 
for a partial gate, is proportionally as good as undor the old arrangement. 

42... On the outside of the wheel is filled’ an apparatus named, by Mr, Boyden, the Difruser. 

of this: extiomely interesting invention, is to vender useful a purt of the 

cic Toth in vere ae oC the: water gan tho wheel ie 


















kel heving’ an tation dinmeter a very little larger ihan 
she: i and am 1 exterior Mameter _ to about lice 


alt terior aiibbindarenge of the. dines d the height between ‘ant is shan ting 

; ub the interior circumferende's the form of. the’ surfhoos connecting tbe 
rior civoumferences of the discs, is gontly rounded, tho first elements 
the interior cireumferences, being nonrly horizontal. “There “is: con- 


interior aly 
ofthe: curv 
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acquently, included betiveen the to surfaces, an aperture gradually. enlarging from 
the exterior circumference of the wheel, to the’ exterior circumference of’, the diffuser, . 
When tho regulating. gato is raised to. its full height, the section, through which: the 
water. passes, will be imereased by insensiblo degrees, in the proportion of one to four, 
and if the velocity is uniform in oll parts of the diffusor:at the same distance from thie 
avhoel, ‘the velocity of the water will be. diminished in the same proportion; or its 
volovity on leaving the diffuser, will be one fourth: of that at its entrance. By tho 
ducting of living fovegs; the power of the water in passing through the diffuser must, 
therefore, be diminished ‘to one sixteenth of the power ‘wt-its entrance. It is essential 
to the proper. action of the diffuser, that it should be entirely under water; and the 
power rondered ‘useful by it, is expended in diminishing the pressure against tho water 
issuing from the exterior orifices of the wheel; and the effect produced, is the same 
as if the, available fall wmder which: the turbine: is acting, is increased a certain amount, 
Tt: appears probable that o diffuser of different proportions from thosd-abovo indicated, - 
avotild: operate with some advantage without being submerged: Téis: nearly: always: 
inéorvenient to-placo, the wheel cntirely below low-watermarl:y: wp::to. this: timo, 
~ however, all that heave been: fitted up witha diffuser, have’ beon so placed’s: ‘tind, indeed, . 
to obtain tho full effect of « fall of water, ib appears. essential, oven when a diffuser 
is not used, that tho wheel should be placed. below: the: lowest level. to which ms 
water fills inthe whoelpit, when the wheel is, in operation, Se 
Tho action of the diffuser depends upon siniilar principles to tint of divetuing : 
conical tubes, which, when: of certain proportions,’ it is: well’ known, incrense , the.” 
discharge; the author has not -meb with “any. exporiments on tubes. of this’ form, : 
discharging under. water, althotgh; there is good. reason to beliove, that tubes of greater 
length anc divergoncy would operate more effectively. under water, than-when dissharg- - 
ing frecly in the air; and that results might be obtained, that.are now deomed impossible 
hy most onginoesa, . Boe 
Experiments on thé.samo. turbine, with and without a diffaser, show a gain in 
tho cooficient of effect, due to tho latter, of about. three per cent, By the principles 
of living forees, and. assuming thet the motion of the water is free from inregulavity, 
the. gain should. bo about five per conti ‘Lhe difference is duo, in part at Jenst, to the 
unstable oquilibrium of water, flowing through expanding apertures; this ‘must interfere 
withtho..miformity of the. velocities of the ‘fluid streams, ab equal distances from | 
the..whegl, ; 
AB, Suapending the wheel from the top of the ver ertsead shot, instead -of' aunt 
at the bottoms. This had. been previously: attempted, but.not-with: sth success aa: to 
warrant its: general,.adeption. . Itchas been accomplishod.-with.complete _succass by. 
Mr, Boyden, Wigan iy to cut. the upper part: off ‘tharshaft- into ‘a series of necks, 









ona slop. 
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and to rest the projecting parts upon corresponding parts of a box, A proper fit ia 
secured by lining the box, which is of enst-iron, with babbith motal, a xolt mmetultic 
composition consisting, principally, of tin; tho crstivon box is mado with suitable pro 
jections and recesses 10 support and retain tho soft, motel, whieh ia melted and poured 
into it, the shaft being at the same time in ils propor position in the box, JI will 
readily be seon that a great amount of bearing surfieo can bo casily obtained by this 
mode, and also, what is of equal importance, iL may bo near the axis; tho lining 
metal, being soft, yiclds a little if any part of tho bearing should reecive a grout 
excess of woighl. ‘Cho cast-iron box is suspended on gimbals, similer lo (hoxo usually 
adopted for mariners’ compasses and chronomolers, which arrangement permits tho 
box to oscillate freoly in all diroctions, horizontally, and proventa, in a yroal mensure, 
all danger of bréaking the shaft ot tho necks, in consequences of imperfections in the 
workmanship, or in the adjustments, Soveral years’ oxperienco has shown, that this 
arrangement, carefully constructed, is all that can bo dosived; and theta bearing tux 
constructed, is as durablo, and can bo as readily oiled, aud talon care of, aa any ul’ the 
ordinary bearings in a manufielory, 

14, The buckelg aro sceurod to the crowns of the wheel in a navel, and nutels 
more perfect mannor, than had been proviously used; tho crowns ara firal ture to 
tho required form, and mado smooth; by ingonioww machinery devised for the purpose, 
grooves “ave cut with groat acourncy in the crowns, of tho oxnot curvature of the 
buckets; movlicos ave cut through the crowns, in sevoral places in ench groove; the 
buckets, or floats, axe inado with corresponding tenons, which project through the crowns, 
and are riveted on tho bottom of the lower evown, and on the top of the upper crown 5 
this construction gives Uo roquisile strongth and firmness, with huekets of much thinner 
ivon than was necessary under any of tho old arrongements; it alo louves the porsngen 
through tho wheel entirely free from injurious obstructions, 

16. Mr. Boyden has also designod a largo mmmnbor of turbines for different ann 
Dyehuting establishments in New England, many of thom under contracta similar to 
that with, ho Apploton Company, and haa accumulated a vasl number of valuablu ex- 
periments i ad observations upon thom, which, it ix to be hoped, he will find tine to 
prepayo for publontion } Qa such opportunitics bul rurely occur to ongineers au able 
to profit by thom, ef 

16. In the your 1849, tho Monulnoturing Companica at Lowell purchusod of Me, 
ie og the right to uso, all his improvemonis relating to turbines and other hydraulic 
mi ne that timo it bas devolved upon tho author, as the chiof enginver of theag 
compen ito design and superintond the constuction of such turbines ax might be 
wanted: {ot hair manufactorics, nnd to aid him in this important undertaking, Ma, 
Boyden hag communicated to him copics of many of his dosigns for turbines, togothor 
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with (he resulis of oxporimenis upon a portion of them; he has conmuniented, how- 
over, but lite theoretical information, and tho author has beon guided, principally, by 
& comparison of the most successful designs, and such light as he could obtain from 
writers on this intricate subject. 

“7. The first designs, prepared by tho author, after tho arrangement with My. 
Boyden was entered into, were for fow: turbines of cssontially the same dimensions; 
namely, lwo for the Suffolk Manufacturing Company, and two for tio Tremont Mills, 
for the purpose of furnishing power for the cotton-mills of these companies at Lowell, 
These turbines wore constructed at tho Lowell Machine Shop, and wore completed in 
January, 1851, 

For the purpose, principally, of eslimating tho success of theso turbines, one of 
them was fitted up with a completo apparatus for measuring ils powor, and gunging 
tho quantity of wator discharged; the gauging apparatus was allerwards usod to make + 
tho oxpoviments on the discharge of water over weirs of different proportions, for the 
purpose of dotermining, practically, somo of, the relations roquixed .to of known, in 
ordor to compute tho flow of wator through auch aporlures, ’ 


DESCRIPTION OF ‘TIT TURBINE, y 
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18. The wator is conducted from the principal feedor to the mills at Lowell, 
called the Northern Canal, by an arched canal, or penstock, about ninoty feet in length. 
Tho forebay, inside the whool-house, is constructed of masonry, and haa a goneral width 
of twéuly fool, and o depth of water of fourteen fool; the channels through which tho 
water passer, are so capacious, that the loss of fall in passing from the Northern Canal 
to the forcbay, is scaveoly sensible. During the oxperimonts, howovor, tho hoad of tho 
ponatook was partinlly closed hy gates, so that thoro was a sonsiblo fall nt that time, 

The entrance of tho arched canal is protected by a coarso rack, or grating, for 
tho purporo of proventing large floating suhstances from entering tho forebny; cach 
turbine is also separately guardod by a fino rack, placed in tho forchay, which provonta 
the eutrance into tho turhino of all floating substances that might bo injurious, Both 
racks aro mada of luge exlont, to avoid sensible loss of head to tho wator in pnasing 
through them. : 

Tho extreme rigor of tho Now England winter renders it necessary to Mford to 
watotwheols of all descriptions, completo protection from the cold, ‘Cho rogult is, that 
less interruption from frost is experioncad, than in many milder olitnafés, Tho wheel- 
house, in which those turbines are placed, is a substantial belsh building, well war ined 
in the winter by steam. 
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After passing the ‘abies the water is conducted by an‘ arched ennal, or meewiy, 
“about ning, hundred -feet in length, to- tho lower lovel of the. Western Canal, whieh 
serves asa feeder to the Mills of tho Lawrence Manwicturing Company. 

19. Plate I. is ‘a vertical soction through the contre of the turbine, and the axia 
of the supply. pipe. 

"Plate IL. is a. plan of the turbine, and whoelpil, 

,. Plate IIL, Figure 1, is o, plan of nealy ono fourth part of tho dise and wheel. 
Figure 2-is & plan of the whole wheel, the guides, and garniture, Iiguro 8 isa ver 
“teal section through both crowns of the whol. 
The same letters indicate the same parts; in all these threa plates, 
20, A, the forebay, in which the leyol of tho wator is. nearly the anmo aa in the 
“Northen Canal; it is represonted at the wsnal working height. 
21, B, the surface of the water inthe wheelnt, represented ab tho lowest height at 
é shia, the turbine: is intended to operate. 
4 22° -G,,the masonry of the wheelpit. Tho treos ‘eed the ilieol ave of granite 
pe work, in blocks containing, generally, from ten. to forty cubio feet. Tho breking 
‘ig of-hard mica slate. “he capping courac, shown particularly on. Plate IL, ia neatly 
drossod -on, its upper surface, ‘The whole is compactly Jatd in hydraulic: coment. 
98. ‘D, tha. floor of. tho wheolnit, Thia floor sustains tho weight of purt of tho BUp 
‘and of part of the water in it, and all the rest of the apparatia, excepting 
gol itself and the vertical shaft, which aro supported by beans and braves, divectly 
\ de walls of tho whoolpit, It wos necessary that the floor should havo suMl- 
cient iffhess to vowist the great upward pressure which takes plues when the wheslpit 
is kept dry by. pumps, in order to permit. repairs to be anode, ho walls of tho wheak 
pit exe builf upon the floorj—~thore was, consequently, no dangor of the whole flour 
being pressed upwards, but.the great width of tho.pit, (bwentyour foet,) would allow the 
‘eld in the ones unless it ae great Pe 















n- ‘ott by. the aietaht uction of the water, says are eovervil 
eh boards, wah. own bo onsily ebieas ben neoomury. 








Bimilat, ‘smouner'to ston boilers rhe horizontal part is nine hak 
ar, athe curved ‘part gradually diminishes in diameter, to its junction. with tho 
be The upper end of the supply pipe ta torminated by a castdron ving 2, 
ath on the face, to receive the wooden head gate, . ‘The aupply pipe. ix. also 
with ‘the man hole and ventilating me 2 @, and the leak box JZ The use of, 
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“tho Inttor is, 40 ontch the leakage of the head gate, whonever it is closed for repaiva .. ." 
of the wheel; at such times, tho. leaknge’ is carried off into the raceway, below the 
whoelpit, by a six inch Pipe, ftunished with a valve which ‘can ‘be anes and ‘shut at 
‘pleaure. 

25. Z, the castron curbs. These conduct the water from the wroight iron sup 
ply pipe, to the diso Tho curbs aro made in four parts; for tho convenience of the 
founder. "Tho surfées at which they-are joined, ato tumed true in.wlatho, packed with 
red load, and: bolted:together with bolts one, and a half inches dinmoter, placed abouk 
six Inchos apart. ‘Cho genoral thicknoss of the ivon is ono and & quarter inchos” The 
flanges axe two'itidhes thick, Tho upper curb has a projection enst on it, to receive the 
dise pipe. Lhie'lower curb is finished on all sides; tho outside, to pormit.the regulating - 
gato to be moved up.and down easily; the inside, to present a aeaH surface to the ; 
‘watoryand: to match accurately with the garniture J, 

‘hd: ourbs axe supported from the wheelpit floor by? four coltiting, two of vihioh 

tstiown at WW, plato L, resting on tho cnst-ront beam O; this plaood on. the _ 

“floor, for the purpose of distributing tho “weight ‘The ovntnes’ df ‘ 

thirteen inches {rom the outside citcumforence of the wheel: ‘he’ igi 

immediately upon tho columns, and the curl upon the beams, the latter projésting 
ovor ‘the columns far enough for. thet purpose, The beams JV’ also ‘act oa’ brace 
from ‘the wheelpit wall to the ourb, and aro strongly bolted at each end. 

26,. .K the disc. This is of onsteixon, ono and a half inches’ thick, and is’ turned | | 
amooth ‘on ‘the upper anrface, and hiso on its civeumferonce, © Tt -is' auspended’ from 
the upper curb, by means of the disc’ pipes A AL The diso cavries. oft ‘its ‘appor 
surfneo thirty-three guides, or londitig curves, for the purpose of giving “the ‘water, 
entering’ the wlicel, proper divections, They are made*of Russian plate dion, one : 
tenth. of an inch in thickness, scoured to the disc by tenons, passing through corres 
aponding -mortices, cut. through the disc, and are riveted on tho ‘wmderside, The 
uppor corners of the guides, neay the wheol, aro connected ‘by the gnmiture JZ, which 
is intended to diminish tho contraction of tho streams entering the wheel, when: tho 
vogulating gato is-fully raised, ‘Tho. garniture is composed of thirty-three - pices of 
onsiriron, or one to fll cach apace botwoon the guides; these piccos of cast-iron a0, 
necossarily, of irregular form; fora top view of them see 2, plate IM, figtite 2. 
They are olso shown in section at plato 1, ‘They are corofully fitted to fil the 
apaoddbotwoen the guides; above the top of the guides, tho adjoluiy pieces axe in 
contact’; ‘they are ‘strongly riveted to the guides, and to. edd "After they 
word all fitted and riveted, the digo was pub in o Inthe, and’ it Op, “the periphery : 
and a part of a ane of ised garniture, were turned om, a that it would fit accue ° 
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yately; but easily, to the contosponding part of the Jower curb, Tho dive tx not fut 
ae to the lower curb, but is rotained in its place, horizontally, by tho Jatter, 
22% MM, the dise pipe, Tho dise is fastened to tho bottom of the dis pipe 
ty: fifteen’ top scrows,.one and a quarter inches’ in diameter, As there ia. a vertical 
* preastire on tho  diso, due to the presuue of. the wholo head, on its horizoutal area, 
the: diso-pipo: and its fastenings require to be very along. The pipe is oight and a hall 
inches ‘diamoter, inside, or one and-a half inches largor than tho shalt passing through 
it; and is one anda quarter inches thick. The upper Hongo iy furnished with adjusting 
sorews, by which the. weight is supported upon the upper curb, and which afford the 
means. of adjusting 4 the height of the disc, The oxerpe of wator between the upper 
curb and, the upper Alnngo of the disc pipo, iy provented by a hand of leather on tho 
outsides: which ig yetained in its place by the wrought ivon ring 2. ‘Chia ring is made 
in two segments, The top of the disc pipe, just below the upper fangy, hina two 
“projeotions, or wings, which fit. into corresponding rodesses, in the top. of the eurh; 
these:.arvo' to ‘prevent the diso from. rotating in the opposite direction to the wheel, 
to which ‘thore is a powerful tendenoy, arising from the ronotion of the water ianting 
from the guidos, 
28.e2R RK; the raguleting: gee. This ig ropresonted on tho xootion, ab plato T, na 
__ tally ilsed and in’ this position the wheel would ho giving its lull power, Tho guts 
“al of oast-ivon,; the cylindyical part is one inch thick, the upper part of the eylindor 
je’stiffened by a-rib, to which aro attached three brackets, ong of which’ iv shown nt 
S;.plate Tend the: two, others at 88, plato iT, ‘Lo these brackets avo attached 
wrouglit ton rods, by which the gate is raised and lowered. ‘Tho brackots nro attached 
to'the'gato.nt equal distances,.and: therefore the rods support equal parla of ita weight, 
..Zo ono of the roda is attached tho rack 7% ‘Ihe other two rods ave attnched, by menna 
of links, to the levers 7’. plate IL, ‘Che: other onda of these lovers onrr ‘y geared areal, 
‘Heads; into whichy and. into the rack V; work three pinions, W, of equal piteh nnd sive, 
“fastonod: to the saine. shaft; As the fulorums of the levers 2% plate 11, ave, exuctly 
inthe, middle, between. the pith lines of tho arch heads and the points. to whieh the 
rods awe vohied, it-Awill be -860n, that by the revolution of the pinion shalt, the pate 
must bemdvéd up oy down, oqually. on: all sides, ‘Tho. shalt on which tho piniona 
‘are fastened, is driven bythe worm. wheel X, plates I. and IL; this is driven hy thie 
Worm" a, either by: tho -géVerhor ¥ ‘or the: hand whool Z Tho shaft on which the 
“q.is fastened, 8: ‘furnished seith thovable couplings, which, when tho speed gate 
: y intermediate ‘points betwoon its highest. and lowest. positions, are retained 
in 1 plied by spiral springs; in either of the extreme positions, the couplings we sep 
sited by means ie a » leven, moved by. pins in the. rack-73 by this meana loth -the 













: Aho 


them of the exact form of the buckets, to the. depth eg, figure 8, plate IIL; thisg¢ 
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regulator ond hand wheel are prevented from moving the gate in one direction, when 
the gate ‘has attained dithor extreme position. “If, however, the regulator. or hand 
wheal ‘should be moved’ in the opposite. direction, the couplings would catch, and the 
gate would be moved. ‘The weight.of the gate is counterbalanced by weights attached 
to the levors “Zand by the intervention of a lever to -the rack: 7; by this ‘avrange- 
ment, both the governor snd hand wheel are required to ae with.only the force 
necessuy to overcome the friction of the apparatis.: Wo eR, 

29. bb Zhe wheel, This consists’ of a central plate. of ates. and of. two 
crowns, ¢¢, ‘of the’ somo material, to which the buckets are attached, ‘tho. central: 
pluto and the oowns aro turned accurately in oa lathe, for the purpose of balancing | 
them, and. algo ‘to:-diminish, as much as possible, the resistances in moving .rxapidly 
through 4h: water, Tho lower crown is faatoned to the central plate, as shown: at 
Aguros:L “tii ':8, plate ITT These figures also show, at.ce, the form of tho crowns; 
por and lower crowns axe preciscly alike; they are nine and a halfinches 
Widos At tho inner cdgo, and at the oiroumferonda,’ tho “thickness as 0,026 inches, 








“andat 6,6) inches from the innor. edgo; where: they have: tho: ey thighndés,: thoy 





aro one inch thick. 

By voferorice to figure 1, plate IIT, it will be scen. that tho ‘buckots.do ‘fot 
‘extond to the ciroumference of the crowns. In tho direction of tho ryadius, the ends 
of tho buckets are 0.25 inches. from the. circumference. _ This ‘is for the purpose of 
permitting the wheel to -be handled with loss danger of: injuring the. onda of the floata ; 
as theso are filed down. to an edge, they would be vory. likely to be damaged during — 
‘the construction of the wheel, if theywore not guarded by the slight projection. of 
the crowna. This construction ‘also enablés tho grooves in the crowns .to afford,more 
perfect support to the onds of the buckets, and also permits a tenon. to. be nee ot 
the extremity of the bucket, : ee 

The. buckets dro forty-four in. number, and ‘are of the form senvonaiied on plate 
WL, figure, L. ° They are mado-of plate’ ixon of excellent quality, imported from Russia 
for the purpose; thoy ‘are of an inch in thickness, ond ave -peouredl to. the crowns 
in the following manner : 

The crowns having been first timed to tho required form, grooves. are: out in 





is 0.1 inches at the edges and.0.6 inches near. the middle, These. grooves aro on 
in a machine contrived for tho purpose, in which tho. cutting tool. is guided by a can. 
Thveo mortices for each bucket are then cut through each. ore sdorresponding . 
tenons are left on the buckets; the latter are bent to the requiréd form, by means 
ofa pair of dies, prepared for the purpose, the plate iron having: been fixst moderately 









heated. ‘The tenons of all the buckets are ‘then entered, into the mortices.in both 
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crowns, the latter aro then drawn fogother, by means of a number of sorewa applied to 
tg of the circumference, and whon the edges of tho buckets are drawn into 


different par ae ne 
tho bottom of the grooves, the tenons are riveled on Lhe opposite sides, This construc 


tion gives great stability to the buckets, and pormity the uso of very thin iron 
30. dd The vertioat shaft, This is of wrought ireu, und is accurately turned 


in every part, ; 
The diameters aro as follows: — 


Below tho hub of tho wheel, . . . «ee es 7 inches 
In the hub of tho whoo. 1 1. 1 + 1 1 ew TH f 
Betweon the top of the hub and the lowor boariug, 7  “ 
Between the bottom of the lower bearing and tho 

hub of the bevel gon, . 6. 6s ee ee BOF 
Tn the hub of the bevel goat,. . . 1. ss se . BF fF 
From the top of tho hub of the bovel goar to the 


suspension box, 6 6 ee ee ee ee BOM 


.By roferenco to plate I, it will bo scon that tho shaft dooa not run upon o alop 
at tho bottom, but upon a sevics of collars, vesting upon corresponding projections in 
the susponsion boxe’, Tho part of tho shaft on which tho collars ara placed, is mado 
separate from the main shaft, and is joinod to it at /, by means of no vockot in the lop 
of the main shaft, which roceives a corresponding part of the collar pice. Tho collars 
aro made of ens stocl; thoy aro separatoly serowed on, and keyed lo ® wrought iron 
spindle, 

31. 6’ The suspension bow. This ia mado in two parts, to admit of ita hoing 
taken off, and put on the shaft; il is lined with babbit motal, a soft composition con- 
sisting principally of tin, It is found that bearings thug lined will carry from fifty to 
a hundred pounds to tho square inch, with evory appearance of durability, 

32. f’f’, The upper and lower bearings, Theso ave of cast-iron, linod with babbit 
motel; they are rotnined in position, horizontally, by meana of adjusting sorewa; var 
tically, thoir weight is sufficient, The paris of tho shaft insido the huba of tho whoul 
and tho bevel goar, ave made slightly toporivg, about yy of an inch in dinmetor in 
the Jength-of tho hubs; tho hubs aro bored out with the same taper, but a vory little 
smaller in diamoler; they are then drawn on by a poworful sorow pureltase, und in 
this: manner aro made to fib vory tight, o provont danger of bursting the hubs, 
they-ato before being drawn on or bored out, strongly hooped with wrouglit iron 
hoops, driven on hot, 

33, , Tho suspension box e’ (art. 81,) rests upon the gimbal g, plates I. and II, Tho 
gimbal itself is supported on the frame LA, by adjusting screws, which give the menns 
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of raising and Joworing tho suspension box, and, with ft, the vertical shaft, and wheel, 
Tt will be poroeived, by tho arrangement of tho bearings abovo and below tho bevel 
goar, that no lateral strain can bo thrown upon the susponsion box, ‘Tho construction of 
tho shaft will evidently not admit, with safety, of lateral strain at the suspension box, and 
it is nocordingly so arranged that this box is free to oscillate horizontally in any direction, 
a small quantity, in case any irregularity in the form of the shaft should roquire it 

The lower ond of the shalt is fitted with a cast steol pind plate I. This is retained, 
in ils place by tho step, which is mado in threo parts, and lined with caschardoned 
wrought iron, The stop is furnished with adjusting screws, by mcans of which tho 
shaft oan bo moyed horizontally in any direction, a small distance. 

Tho weight of the wheol, upright shafl, and bevel gear, is supported by means 
of tho suspension box ¢,’ on the framo %, which rosts upon iho long beams m, reaching 
across the wheelpit, and supported at tho onds by the masonry, and also at intermediate 
point by tho braces #1, 

From oconomicel considerations dhe difuser, dosoribod at ark 12, was omilted at 
the T'vemont Turbine; a Jargo majorily of tho turbines in use at Lowell, howovex, aro 
fitted up with that apparatus, 

84. Tho following aro some of the dimonsions of the turbine, carofully taken attor 
the parts wore Mnished:— 


Weight botween the upper and lowor crowns, at tho outer oxtvom- 

ities of the buckets, n mean of 44 monsuroments, . . . . 0.0814 foot. 
Tloight between the upper and lower crowns, at the inner extrem. 

ities of tho buckets, a moan of 44 measurements, . . . . 0.0868 « 
Tloight between the crowns, at a point 6.6 inches from tho inner 

odges of lho crowns, (designed to bo 0.75 inchos less than , 

at the inner edgag). 6 6 ee ee ee ee we ew 08748 
Shortost distance botween the outor extromities of the buckots 

and the next adjacont buckols, a moan of 182 mensuremonts, 0.18767 « 
Shortest horizontal distance between lwo adjacent guides, taken 


“ 


at tho top of the circumferential part of tho disc, a mean ap i 

of 88 mansuromenls, 6 6 6 ee ee ee ee ew + OLDG0 so 
Do. do. at tho bottom of tho garniture, . . . » + + OBLL7 4 
Do. do. hal@way up between the disc and the salle + QR0dd  « 
Tho shortest distance botween tho guides, by a mean of the .« 

wholo 99 mcoasuroments, . . » « 0.20408 « 


Tieight from the top of the aeoehuisventlel nat of the dso to the 


bottom of the garniture, a mean of 33 mengureinenis, . . 0.97090 « 


YA 


* 
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“85, . The following ave.somo of the most important dimensions uf the apparatus; 
they ore taken: from the original designs, which wero very closely followest in the 


construction. 
oY 
Diameter of the exterior eiveumferenca of the crowns of tho wheal, 83883 feel, 
«> outer extremities of the buckeby 6 6 6 ras 8202 * 
« . @. interior edges of the crowns, and inner edges of 
the bucket oc eee ee O7h0 
« «©. outside of the vylindrical part of the reguinting gute, WTA # 
“ «> inside of the- cylindrical part of the rogulating prtte, iio 


“ « of the outside of the lower cw), taken below: the 
wee flange, se ee ee ee ee ee TS 
“ “.~ jnside of the lower curb, tnken nt tho top. 6. Gebtt 
« @. insido of the lower curb, taken ab the tap of the 
guides. ve ee ONT 
«& Jowor-pirb.of tho dike) 6 6 6 ee ee ee WD 
ae near ; : i 
DUSORIPTION OF THY APPARATUS USED IN THE EXPERIMENTS ON ‘THE 'TREMONT ‘TORTINE, 


86, The details of this opparatus are roproxontod or plate IV. 
. Tho usoful effect was-mensured with a Prony dynamometer, represented in seationul 
devation at figure 1, and in.plan at figure 2. Sel 
“BT Lhe friction pulley A is, of cast-ivon 6.6 foot in iammetoy, to feotewide on the 
thoo, and three inchs thick, Tt is attached to the vertionl what by tha epider 4, the 
lub of which occupies the place on. the shuft intended for the buvel gen 
«Lhe friction pulley has, cast on its interior circumference, six hygy CC) correspon 
ing. to the six-atms- ofthe spider,’ The bolt holes in the ends af the avs avy slightly 
elongated in. tho: direction of the radius, for tho purpoxo of allowing tho friotion pulley 
to expand alittle: ag it becomes honted, without throwing much strain upon the epider, 
When the: spidor.and friction: pulley aré.at tho:samo temperature, the onda of the urmx 
aro in contact with. the friction pullay.’"The fiction pulley wie made of great thick- 


~-ness for two reasons. When the pulley is heated, tho arms oongd-to bo in’ contact with 


- thes interior civeumferende of the pulley, consequently they would not prevent tho 


: pressure, of the brake from altering the form of the pulley. © ‘This vendors gronb. sli 


Neis necessary in the pulley itself Agnin, it ia found that a heavy trietion pulley 
vitisuves more regularity in. the motion,‘oparating, in fact, a a fly-wheel, in equalizing 
small irregulavitie, Soh Ewe : a 
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88, The brakes Wand F avo of mile wood ; the two parts are drayen together by . 
the wrought iron bolts @@, which ave two inches square, — 

89, Lhe bell crank F” owvios atone ond the scale. and at tho other the ‘piston 
of tho hydraulic regulator J; this ond ‘carries also the pointer Z, which indicafés tho 
Jovel of the horizontal arm,: -'The vorticnl arm is connected: with tho’ brake F, by the 
link JZ figure 8. ey 

40... The hydraulie regulator KK, figures 1, 2, and 5, is a very important addition: 
to tho Prony dynamometer, first suggested to tho author by Mr, Boyden in 1844. 
Its office is to control and modify the violent shocks and irregulavitics, which usually 
oceur'in the action of this valuable instrument, and are the cause of some uncertainty. 
in its indications, 

The hydraulic regulator used in. theso oxperiments, ‘consisted of the saeeibon 
cylinder 4; about 1,5 feet in. diameter, with a bottom of plank, which was strongly 
belted to the capping stone of the wheelpit, as.represonted in figure 1, Th this eyline 


don, moves the piston JV, formed of plate iron 0.6 inches .thick, which is. connectod with 
the horizontal arm of the bell crauk by tho piston vod, ‘The ‘cireumferencs of the 


piston is rounded off, and its diameter is about ty inch Jess than the diameter of the 
intetior of the cylinder, The action of the hydraulic regulator is as follows, ‘Th6 


-oylinder. should be: neatly filled with water, or other heavy inclastio fluid. In case of 


any irregularity in tho force of the. wheel, or in the friction of the brake, the tondency — 
will he, cither to raise or lower the weight; in cither case thé: weight ennnot move,. 
except with. a corresponding, movement of the ‘piston. : In consequence of the inelps- 

ticity of the fluid, the piston can movo only:by the displacement of a portion of tho 

fluid, which must evidently pass between the edgo of the piston and the cylinder, and. 
tho,aren of this space being very small, compared. to the area of the piston, tho’ motion’ 
of tho Intter must be slow; giving timo to alter'the tension of tho:brake sevews before 

tho piston hos moved far, It is plain that this avangement muat arrest: all violent 
shocks, but, howevor violent and irregular they may bo, ib is evident that, if tho mean 

force of thom is greater.in ono direction: than in the other, the piston must move in 

the direction of the prepondorating fore0, tho resistance. to uw slow movement being very 

slight, A. amall portion of the véefl offect of tho turbine must be oxponded: in >this 

inatrument; probably less, however, than in the rudo haga the brake weds pe as 

jecb. to without its uso, . : 

41. For tho purpose of ascertaining. the ialbalty. of tho wheel, a seotnitor was 
attached to the top of the vortical shaft, so arranged: that a bell was struck. at the end 
of every: fifty revolutions of tho wheel. : : 

42. To lubri¢ate the friction pulley, and ‘at, the: same time to keep it cool, watet 
wna let on to its ’surficd in four jets, two. of which. ore shown in figuro.2, plate IV.’ 





an 


* 
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These jets were aupplied from a large cisturn, in the attic. of the seigtaleartn Galle 
mill, kept full, duxing: the working hours of the mill, by foree-pumpa. ‘Tho epuirility ol 
water discharged by the four jota was, by a moun of two triale, 0.0288 eubie leet per 

“ guoonid, 72 

In many of the experiments with heavy weights, and consequently slow Velocitinn, 
oil was. used to Jubricate the brake, the watery, during the expariment; ‘being shut aff 
Tt-is found that, with a small quantity of oil, tho fiietion between the brake aud the 

pulley, is much. greater than when the usual quantity of water is applied ; consequently, 
-the-requisito tension of the brake. screws is much lesa with. the oil, nt a lubrientor, 
then with water. This: may not bo the whole: cause of the phenomenon, but, 
whatever it:may be, ‘the easo:of vogulating in slow velocitioa is incomparably greater 

*yiith. ofl ag a Tubricator, than with water applied in a quantity suflivient to keep the 
“pulley cool. ‘The oil was allowed to flow. on in two fino continuous slrenms;~— it 
.did not, however, prevent the pulley from becoming heated aufflciently to deeompony 
the. oil, after rumaing some time, which was distinotly indicated by tho amoko and 
peculiar odor, Wher those indications became vary apparent, the oxporimont. was 
stopped, and water Jet-on by tho jot, until tho pulley was cooled. Aa the pullay 
‘became heated, the brake scvows required to bo gradually slackoned. . 

vIn.tho. oxpeyiments, in table IL, the lubricating fluid was a follows. 

Inthe first twonty-six experiments, water alone was used, 

, cln.the four experiments numbered from 27 to 80, thres gallons of nseod oil swern 
«In. all the experiments requiring a Iubricator, and numbered from $1, to 48, 

- Anclusivo, linseed off was used, -” ee 

és In cxperimonts 49. and 60, resin. ofl: was used, 4 

In. oxperimonts numbered: from. 51 to 60, inclusive, water alono was used, 

ig In experiment 61, -vesin. oil was used, 

: cal. experiment, 62; resin oil nnd a small stream of water were Wel sein the 
Jattor- part of the: experiment, a good deal of ‘steam waa generated by the lreut 

oof tho. filotio: ley, 5 Bet nak 5 

~-Amexperimant 68, resin’ ofl. alona. was weed, <8. ese 

lh oxporitnents, numbered: froin,-46; to 7, inclusive, ‘water nlono waa uactl, 
‘Tn experiments numbored from’ 78 t "79," inchisive, reain oil und a gall wtvenm 

swater wore usod.:* DURAB AP at , 

experiments numbered ‘from’ 81 to 84, inclusive, water alono waa teed, 

t Poxperimonts 85 and §6,-resin oj] and a amall atroam of water were used, 

oe Tn. experiment 87, resin oil-alone-was used, 

Se elhy experiments 90 and 91, wator alone was used, 
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Tn exporiment 92, resin oil and a-small-strerm of water were ‘used, 

43, A special apparatus was ‘provided to imdicate the direction in which the 
water left the wheel. For this purpose the vane P, figures 1, 6, and 7, plate IV, 
was placed near the circumference of the wheel, and was keyed on to the vortidél shaft 
Q, which turned frecly on a-step resting on tho wheelpit floor. ‘The upper.ond of 
the shaft carried the hand J, figures 1 and 4, and: directly under the hand was placed 
the graduated somicirele , divided. into’ 180°. When the vano was parallel to a tan- 

’ gent to the civonmforence of the wheel, drawn through the point: nearest. to tho’ axis ~ 
of the vane, and the -vano was in.tho direction of tho motion of the ‘wheal, the hand 
pointed at 0°, and,,consequenily, when: the vane was in the direction of thé radius of 
the wheol, tho. hand. pointed at 90° Lo prevent sudden vibrations of the. vang a 
modification: of the hydraulic regulator was attached to the lowor part of the vane 
ahatt,,,.Phis apparatus is represented in detail by figures 6 and 8 
iis 44 The -quantity, of water: discharged bythe ‘wheel was. gaugod..ab a, weir.” 
erected for tho purpose at the mouth of the whoelpit. “It is reproscrited ‘on plato V. 
> Migure 1 is a’plan, and figure 2 0 section, ‘showing tho relative. positions 6F the 
turbino A, the grating 2, tho. gue box 6, and: tho ‘tivo divisions ov. -baya ‘of th solr, 
D, and £. 
As. the water fesad ‘from the orifices of tho turbine with. considerable iiss; 






particularly whon the velocity of the wheel was much quicker or slower than. that. 


corresponding to. tho maximym coefficient. of effect, there were often. such violent... 
eommotions in the wheelpit, that, unless some modlo. was adopted to diminish them 
hofore the water reached the weir, er evon the, place whero the depths on tho welr 
wore Iucnsured; it would: have been impossible. to make « satishictory:.gaugo of the , 
water, For this purposa the grating 2, figures 1. and 2, was placed across tle wheolpit, 
This grating presented. numerous apertures, nemily uniformly distributod>dvor its entire 
aron, through which the water must. pass. In the-experiments with o filk:gate, the. full 
from the upper to, the lowor side -of. the grating-was genorally from three to fow' inches, 
The combined effoct of thig full and of the numerous small apertures, was, to obliterate 
almost entirely. tho whitls and. conmiotions of the. water above the grating, , About 
4.6 fvet in length of tho grating betweon J and G, figuro 1, was, so nearly. closod, | 
that but little water passed through that part of the grating ;— this made at very” 
quiet in tho vicinity of the gauge box @ . r 
Figure 8, plato V., is an clovation of tho weir, The. two bays Dewnd B wero 
of nearly equal Jength,—the crest of the’ weir was almost exactly “horizontal, and 
the extreme. variation did not exceed 0.0L inch. ‘The crest of the weir was of cast 
iron, planed..on the upper edge JZ figures 2 and 4, and also on ‘the upstream face, toa . 
‘point L125 inches below the cau this, at figure 4, there was & sinall bevel, 
8 





: 
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ani oon 
‘ also -planed, ie is of which, on an average, waa yy itch ine height of & iueli; 


1 Vo Ine } 
the remainder of the casting was unplancd, ‘The crest of the weir 7 was 4 incl: thick, 


“and was horizontal. The upstream edge, ab J/, was 0 sharp corner, ‘he ends of the 


weir J; figures 1, 2, and 8, were of wood, and of the sano form as the crest 2/ except 
that-there was no bevelled part corresponding to /, figure 4. Tho erest of the woir 
Hf was about 6.5 feet above the floor of the wheelpit, Tho onds of the weir A’ pro- 
Jeoted from the walls of the wheelpit, and. also from the central pier, a mend distances 
of 1.236 foot ‘Tho length of the buy D, was 8489 foot, und of the bay. J, 8.40L 
fect, making the total length of tho weir 10.08 fect. 

45, The depth of the water-on the woir waa taken in the gauge Lox 6, Rane 


Dand 2 plate. V., by: yocans of the hook gaugo.l, which is represented in stall hy 


‘figures.9, 10, and 11, plage IV. 
he hook gauge is-the invention of Mr, Boyden," and is an inateuntent of inesti- 





; ‘rhable; value in hydraulic experiments, All other known. methods of monatring the 


“heights of the surfaco of still water, are soriously ipcommoded by the offects af 


‘e 





capillary attraction; this instrument, on tho contrary, owos {ta oxtraordinary precision 
to thet phenomonon,.. At figure 10, plate.IV,, the point of tho haolt A, is represented 
ag coinciding with tho Burface of the water, If the point of tho hook should ho 1 
ile above the surhaea,, the water. in the hnmediate vicinity of the hook, would, 
by, capillary attraction,’ ‘po elevated with it, causing a distortion in the reflection of the 
light ftom the surface: of tho water. Tho most convenient method of observing. with 
this instrument, according to the experience of the author, is, first, lo lower tho point 
‘of tho hook, by means of the screw, to a liltle distance below the aurfies; — thon to 
aise it, ‘again slowly. by the same means, until tho distortion of the xofleation “bogina 
» to show itself; —- then to make a slightsmovemont of the screw in the opposite direction, 
80 as just to caugo the distortion to disappenr; the point will then he almost exnetly 





“ab: the: level of the surface, 


ith no particular arrangements for divooting light..on the surfiee, difforences 
. inchelght of 0.004 Bet are ‘vary distinct auantifiog but by acts! oo for 






ceheat ennnot be Bsr Loree tn ie saree it wae ‘pled in the 
box Gin which’ ‘the communication: 






oe 





"Porsuche tiber den ausfluss des 4 wassors chireh seliteher, hithna, Happen aad ventilo, hy Sulina Weisbach, 
Lolpati 5 1842; page 1, is described an instrument for. obsorving heiglta of water, having a slight resemblaneg 
+ to: the. liook gilige’ it was howoyer used by; Beit Anon more perfect form, several yenrk previous to the 
rales of st: mor : 


-ofcach obsorvution was. also: noted, which gave the means of identifying simult 
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whon, by partially obstructing this commuvieation, the extent of the osoilintions could 


be diminished at will: : 

For the most perfect observations, it is eatontial tliat tho surface of the: water 
should be wi rest, If, however, it should oscillate a little, a good mean may be obtained 
by adjusting the point of the hook to a height at which it lt be visible above the 
sunfice ‘of the water only. half tho time, 

The movable -tod to which the hook was attached, was of copper, dnd gradinted 


to hundredths of ‘{6et,- but, by means of the vernivr, thousandths wore medsured; and, 


in somo: casos ten. thousandths were estimated,’ In ater, and more porfeot : ‘forma’ of 
this instrument;-the point of the hook is immediately under the graduation, S70.» 

46. The heights of the water in the forebuy, and. in the wheelpit, were talon 
by meand of gouges, placed in. tho’ gauge boxes p and gy, plate IL: Theso boxes wore 


similar to ‘tho ‘box. G plate V., in which the hook gauge was placed, Both gauges. . 
wete'graduntod to fect and hundvedtha, and. both lind: the’ same. voro ‘poitit;. viz, the. | 
» level of tho cront- of ‘the weir, 80 that tho -diffeverice in’ tho ronilings’ at the’ tivo 
” gritiges, gives, ab onde, the fall acting upon the Whé@dl}, ‘and ‘the ‘difference between’ the 
doptlis of the water on the Weir, a4 obsorved ‘at tho’ hook’ gaugo, and the vending : 


ab the gauge 9, gives ‘tho fall at tho grating. 
Ti consequence of want of space in plate IL, the gaugo box p is not sooieliod 


in-its truo position, —it was actually in front of tho head gate, and aboui six faot a 


distant. : 
47, ‘The heights of the vogulating isis word taken at the rack % plato I. The 
woights used for, measuring the useful effect, were piccos of pig-iron: of various aizes, 


ench of which had beon distinctly marked with its weight by My 0, Ar Richavdsoh, 


the official senlor of woights and mieastivos ‘for the City of ik ae 


* 


a 
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48, A soparate bee ‘went ‘Appointed ' to. note. encl class of dala;. the tina 









obsot'viitions,. ‘To accomplish ‘this, ouch observer was furnishod with ‘a wat iievin gs 
a second hand ;— the watch by which the speed of the wheel was obscrve a.taken 
as the standard; all the others were frequently compared with it, and When the vavi- 


the difference noted. 
This mode of observing must, evidently, lead tor more precise results than that. i in 


which « single observer, however skilful,. undertakes to: note all tho phenomena,’ or 


a 
' 


~ ations exoceded ten or. fifteen seconds, thoy were cither eee to the stendant, or 
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even several of them. By the mothod adopted, a regular revord ix mede of thie 
state of things at vory short intervals, furnishing the date for a mein vonult for any 
required period, and also the. means of detecting, in most cases, the causer of apparent 
m fliscrepancios, It also. relieves tho experimenter from the distraction of having 
numerous oxact observations to make in a very short tine, and loaves hin much 
more ‘ab liberty to exorciso a vigilant watch over the gonaral course of the 
experiment, 

49, As ib may, be usoful to experimenters, nob acatmtomed to this mode of 
observing, and, at tho ‘same time, afford ‘tho render some mouns of judging of the 
acournoy of the vesults obtained in theso oxperimonts, the following oxtracta aro 
given from ‘the original note-books, Tho extracts include tho datn observed for 
7 ‘experiment numbered 80 in teblo" II. This experiment is sclected, simply, beenusa 
it, gave. the maximum cooflicient of offeot, 


WEIGHT IN TIM SCAUN. 
Extreot Samm fetybotl an tha author, who suporintended tha experiments, 
1,498 Ths, 10} on, 


a; as, Se Oe ee eas, Sele 
_ Weight for the noxt experiment, . . 1,624 Iba 103 Ot 





SPEED OF WE WEEE. ; ye, 
Tixtract from. the note-book of Mr, Charles Leonard. 









‘Times i whieh tho Ditoroncos, 


all abrtiole: 
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BLEVAION OF UHH POINTER. ON THT BELT CRANK, 





Tina, Nolght of 
polntor, . 
I foot. 








Norm! 
horizontal a 





‘Tima, 


THAME OF THO WATER ABOVR THD WHEEL, 


Leiken tn the forabay by dis 





va? in foot 


15,100 
15,100 
15.400 
16.100 
15.110 
16.115 
15,110 


‘ ) 46.100 | © 


15,108 


2 HEIGHT OF. ye WATER ATTER PASSING THs WIM, 
Okan tie tha wéhoolptt by Mis Lloyd TBcon. 








Holght,e | 


0. 


L 
2, 
8. 


Norm. ‘Tho top of the woir is the zero’ poli 





Horglit, 
in feat, 


46.110 


15,115 


15,120 


16,120 
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‘thé gauge In. the: wheelpit, 
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JRIGUES OF TNE WATER ABOVE "TR WH RY THE WOOK WAT 
Observed ty Mis Danicd Maoffaly. 
sgt) Th ' are el, 
‘Limo, Holgi, Tino fe ahs tT ne Me ght 
* wih, en ora pc We | min, re ao 
1.8710 Lavo | 5, I, a, 1.8750 
taro L700 i ain, 1B725 
1.8720 L.8720 0 whe 1.8794 
1.8790 1,8720 fi, ly La726 
1.8715 L87id vi 2, L87u0 
L8715 LAT LG "OH ] dt, | LATS 
1.8706, Ue ae 
Nor ‘Tho advo of tho hook gauge wae 0,002 foot deluw the top of thy wor, 
hg DIRECTION OF TUE WATER LEAVING CUG WILK. 
Observed! at the vane indoor by Mr. John O. Woodward. 
cmon icltrins ee seein eee aie eS” ak 
Tho, Direation, ‘Tmo, 
ae ee wi 100, _| dog. mln TL [muh (roe, ; 
1d | 6% 0 1O2) OF Bl be th 
80. | 80. | 80, 80, 
| oe | BB 5B.) 0. 6, 
s 80. | 57.) 0. an, 
‘ 59. 60} 0. a 
80, | 6X} 0, fo, 
be} 0 S24 0, R, 
80, {60,) 0, 
Nowa When the vano pointod in tho direction of the radiua of the wheel, the renling” of the 


index. was 90° 


“ 


0° was in tho divoolion of the motion af’ the whook 


50. Previously to the commencement of the experimoula, the appuratus for 
eth cat 
: siding the useful effect was carefully adjusted, ‘Tho boll crank wae balanced’ 


whit’ thiove Avero no weights in tho scale For 


this purpese the link J, figure 


8, plate IV, wos tomoved, and the chamber of tho hydrate veyulmtor Med with 
water ;—swoights wbbe thon applicd 40 tho top of tho bell munk, near tho end 
to which tho lijdvaulic tegulatoy’ tas ottadhed, imtil the whole was in oquilibrinn; 


the final adjuabmoribe wos, mnie}, by plaoing a 


Y 


weight of about two pounda ab 


te axtromity of one’ of “thé heilzottel mms of the bell orank,—the arm was 
rotiitist, horizontally until o aigritil wae given, when ib wna loft dt liberty to 
, Aesodiid; tnd tho time ovcupiétl’ in dosbending n corlain distance was notad ;— 


*.h hag. ” » 
the weighit+was then removed to tho Sxtromily of the other arm, and the samo 
process tépedied, Tho balance weighis wore alicrad until the timca of” descent 


® 


gt 
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wore equal, To overcome, as inch as possible, the friction of the fulcrum, the 
pin forming ib was lubricated with sperm oil, and, during tho descent, the head 
of the pin was struck lightly and rapidly with a small hammer. 

After tho bell crank was satisfactorily balanced, the link J was reattached, 
end the brake adjusted, by means of the screw which. formed the connection 
betwoon the link and the brake, It was adjusted so thal a lino upon the brake 
was perpendicular’ to tho axis of the link, when the horizontal arm of tho bell 
crank was horizontal, ‘he Iongth of tho brake was then moasured upon this lino. 


The length of the brake as thus measured was found to bo . . 9.745 foot. 
Tho offective length of the vertical arm of tho boll crank was “600 « 
And tho effective length of the horivontal arm to which the 

fonle was hung, was... . 1... 4 ye oe ew s 6000 & 
Consoquontly, tho oflective length of tho bask was ee oe == 10,827778 « 





61, Tho gauges in the forcbay, and in the wheolpit, wore carofully ndjusted 
hy lovelling from tho top of tho woir, ‘This was réponted by different peisons, 
80 aa lo vomovo nll chanao of error. 

52 The hook gaugo was compared wilh the weir, by a different method, 
When tho regulating gato of the turbine was shut down as tight as possible, it 
wos alill found that a quantity of walor leaked into the wheolpit, excecding, a 
Hullo, the quantity that leaked out of tho whoelpit, so that o small quantity con- 
tinued to rum over the weir, Tho principal leak into tho wheelpit was between 
tho vogulating gato and the lowor curb, tho loathor packing not being porfocily 
adjusted, The hook gango was firmly attached to o post, placed in tho wheolpit 
for that purpose, and at a height known to bo nearly corpect Tho regulating 
gato was closed, and afler, tho water had arrived at a uniform aiate, tho height 
of the water al tho hook gaugo was notod, and, ab tho sama time, the depths of 
tho walor on the woir were measured dirootly with a graduated rule To pox 
form, this accurately, a board, about four inches long, was held by an Assistant on 
tho ores of the weir, ab tho place whero il was intended to moasure the depth; 
-—-tho author than applied tho rulo, proviously woll dried, vertically, on the top 
of the weir, in front of tho board. On first immorsing the rulo, the water in 
contact with it did not stand at the truo Jevol’ of tho surface, but ‘fotinod a liltle 
hollow atound the rule; it immediately commoncod rising, however, and aller 
fow momerits come to a level, which ‘was indicated by tho rofldetion of a light 
from tho surficc, a lamp being hold by an assistant, in a propor position, for that : 


purpose, on » 
’ . 
* 
‘ ’ A 
e 
a 
. 
cy 
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* . . £ ' ; 2 % u 1 ' . Se y 
The depths on the weir, taken in the marmer. jusé dexeribed, Febrmry 20uh, 


1851, wero as follows. < 


pe en seen ce tain ta 


i No she on “the onaterly 
Dey of iy von May of Uie wolr, 
Inehoa. _Inghon 


0.36.00 















0,0806 





Or.in feat 


: Whilé the hsighta ‘given in’ tho precoding ‘tablo were boing menanred, the 
<- depth by the: hook: gauge. was constantly 0.0818 “foot ; consequently, hy thia com- 
spiavizon tho: vero of the. hook gaugo was 0.0012 foot bolow tho moan height of 
the: top’ of tho weit, in tho. wostotly bay, and 0.0018 foot below the monn hoight 
in. tho. oastarly bay, or 0.0018 foot below tha monn hoight in both baya A 
similar comperison wos mado February 220, 1861, whon ithe voro of -the hook 
gouge was found. to ho 0.0024 feot below tho monn *hoight of the wolr. Tho 
moan of: tho. two: dorhpotisons, or 0,0090 was adoptad. ax the correction to he pub« 
“brnoted ‘a the roading of the hook gouge, to‘give the mean dopth upon the 










ABB. Dosing: the ‘oxporiients, the levels of tho water in the npper and lower 
canals, Wore - maintained nearly uniform Tho height of tho lower canal, o at the 
“place ‘whore. the water, possing..the woir, fell into it, varied a. little, depending 

por the’ quantity: of water discharged by. tho wheel. Tt waa highest: when the 

wheel ivas running with the regulating gate fully xnisod, and the brake romovod ; 
»cunder. these civeumstdncos the aurfice of thé water was from 0.3 fect to 0.4 lvot 
the. top of the weit, In tho othor oxporimenta with the regulating ate 
,, the, full from, the, top of the woir to tho aurfieo of tho water in 
Tho brackets A and: the’ plunks 
yor. ‘nol put. on. 1 unl aor oi turbing epee wore 










on ies weir, lth 101) that the obstruction, 
ppreciable, whioh ‘vondoré it certain that the 
ting the flow ‘over, the, Weir, must Hove beon 
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DESCRIPTION OF TABLE IL, CONTAINING THR EXPERIMENTS UPON THE TURDING AT THE 
ce “TREMONT MILLS. 


64, The data obtained by. direct observation, and: tho results deduced from * 
them by calculation, are. arranged tog’ether, for donvenience of reference, in table II, 

Tho columns numbered 1, 2, and 8,-require no further explanations, than are 
contained in the several headings, 

5B, Conuan.4, Height of the regulating gale, The three first spain were 
made . under .civouristances identical in every thing, except that.the height of the 
regule ng. goto -was varied a little, for the purpose of ascertaining the hoight piv- 
maximum. coefficient of effect. The moan height. between the crowns of : 
del, at. the inner edges of the buckets, was 0.0848 fect, or 11.2416 inches} 
thes otinvature of the diso and ‘Rornituve, however,”  ib-necessary:. to; etoiag © ‘the 
“gate rathor more than this,in order to.prosent:, tlio tnost favorable aperture: By' 
“a ccomparison..of the first thie, experiments, it apponis’ thet the most ‘fuvorable veault. 
was. obtained, with, the gate raiged to a-height of 11,50. inches, or a. little less; 
‘the succeeding experiments, ‘numbered from 4 to 60, inolusive,- were. made. with the 
regulating. gate raised to.the full height, or to 11.60 inches, nearly.” A comparison 
of tho first three experiments avill show that’ there :could:.be no appreciable: differ- 
ence in the rosuilts, that could:-be attributed, to the small’ differences in the heights 
of thé, gate, in the oxperiments.numbored trom 4.to 50, inclusive; and they are — 
acoordingly all classed togethers experiments with a full ae the spinal, a 
ference in the heights being eooidental... 

The .. experiments numbered from 51. to 64, dualadves were. mode swith the 
gato raised 8,55 inchos,-or three-fourths of. the ‘fall height, nearly, Those, num- 
bered fom; 66 to. 76, inclustve,:avere. made with. the ‘gate at very” nemly half of. - 
tho full height. © ‘Those mimbered from 77 to 79,. inclusive, were mado: with tho 
-gate:at about’ seven cighths of sthe. full height. -. Those numbered from 80 to 80, 
 dnolusive, swere made with: the gate .at about’ one fourth: of its full height, find 
"the lagt three experiments were made with the gate.raised one inch, au 
ae BB ay: eo Dime, ihe ete entered one the heads baginniy 





























indicate. tho. times. Jat which 4 ie hell, <taghed: to: sha? counter, was@struck, which, 

by a cortparigon. ‘of..the various note-books,.. -appeared,.-by the: regularity of the 

observations, to be. the mo Syianle for me comhy merit, and: termination of the : 
. experiment. : ; tae 
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BY. Cotumw 6, Duration of the experiment, is obtuined by taking the differences 
of the times. of the beginning, and onding of the experinent, as given in column &, 
oes 58... Conuan 7%. - Lotad number of revolutions of the wheed during the experinent, “Via 
4s obtained from the note-book‘ of the “speed of the wheel)” by counting the 
“\Gyumber: of observations of the times at which the bell was struck; thia muuber, 
less’ one, multiplied by 60, which is the number of revolutions of the wheel to 
each stroke of the-bell, gives the number of revolutions -duriug the oxperiment, 
" §9.. Conuma 8. “Nunber. of revolutions of tho wheel per second, ix obtained by 
dividing the total: number of revolutions of the wheel, by tho duration of the 
experiment, , 
60... Commun. 9.» The weight tn the geal, voquives no explanation. 
“61° Conumn 10, Useful effect, or the friction of the brake, in pounds avoirdupeis, 
ng.foot per second. ‘Chis is obtained by multiplying together the weight in 
Sgonlé; and. the velocity that the point of application. of ‘the weight, tends to 
talk, Ox, in other words, the product of the weight into tho: velocity that tho 
__ Weight. would actually take,-if, for on infinitely short timo, the brake, and the 
apparatus oomnaghing, it with tho. woight, were rigidly connectod with tho friction 
pulley. oe i 
The effective. leith of tho brake, including the fovernga due to the different 
i he’. 0f, the arms of the ‘bell crank, was. 10,827778° feat (art, 60). . The: ois 
fife noe of a clrole of. this radius is 68,0829 fect This civeumferonce ia o 
constant: fokall’ tho experinents in whigh wmy useful cffoch waa produced, and 
colomia 10. was obtained “by, the product of this constant, the weight, an& the 
number. of revolutions of the whol -por sccond. Tho computation waa performed 
~ by “logarithms, and if: the yesulte given in the tobles should be vorifled by actual 
“<tnultiplications,. minute differences. would, no doubt; be detected. o 
Convans 11 and.12. Heights of tho wator tn the forvbay and tn the wheelpit, 
hts .aro he res to the top of the weir, conaaquantly, the differences 
























Those. ae the Alfforencos 





upon, the whacl, 


‘the Sia of the water 
in the, forchuy ;—~ in oxpari- 
—in oxporiment. 80, which 
quantity:-of water discharged: by the 
iment. 27, or 28 Wo may, therefore, 









988 thay in. ith 





" aloulated by the formula 





% ‘ mae is : 
EXPERIMENTS UPON THE TREMONT TURBINE, or 


conclude, that when tho regulating gate was fully vaised, and the -whoel: rumning 

with tho volocity giving the maximum opefficient of effect, the . fall. acting “upon, 

the’ wheel being 12.903 fect, the loss of ie from: the forebay to tho ventilating 

pipe, was very nearly 0.10 feet. 

64 Conumn 14, Depth’ of water on: the weir, . Tho depths 0 on the weir were 

‘obsewved with the hook gauge, described at art. 45, u 
66. Conv 16, Quantity. of ‘water cra the weir, These eae have: been 


Q = 8.38 (7— 0.1 aaah 














in which 


otal length of the weir,’ in. fect, 
number of end: contractions in the, weir. 
== The ae onthe weir, in feat 


pt this” piers 80 different * ‘from * any’ Cat tp ‘beer used iether 
-suibjeot is fully considered in’ another part of this work. 

A small. quantity of water “entered the wheelpit without passing doug thie: 
whol ; there was also 4 amall “quantity that: leaked “out ‘by passing through'the floor 


of the whoelpit; the Intter” “quantity, when the depth on the weir. was 0-496 feet, ~ 


“was ostimated ab 0.409 oubio’ foot Bor’ socopd} “soo ait, 180, As. these quantities 
were vory iminute, and tendatl “to” ‘componsate” éach other, they have been’ negleated, 
ard the quantity computed as passing’ the woiris at for the: i ce ‘disthaiged 
hy the wheel, 
66, Conv 16. Zotal power of the water. This elaine obtnisted “by milf 
plying’ togettier the total full doting upon thé wheel, the quantity of water passing 
“the welr pot socond, ‘and ‘the weight of a cube foot of water. | ‘The temperature _ 
,of the water was constantly ait 82° Mahrenheit, it: was nearly: pure, and the pe 
or v oublo fot was tile tt, 62 arb posiod erointup 














a rable depth ; 
: i ove 80 _ 






* 
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svas covered with a solid conting of ice, with scarcely an opening ‘i the whole 
distance. When tho viver is thus frozen, the «water (lows ulong under the ive, 
Ghtirely froe from floating pariicles of ice, even in the must revere wouthen 

‘Ag the author had frequently folt the want of a table of the absolute woights 
of a oubio foot of water at different temporaturcs, he, several yenra since, com 
puted the following table. 

In the Bneyclopedia Britannica, seventh edition, vol. 21, pngo 816, ia given the 
following extract from the British act of Parliamont, establishing tho standards for 
weights and nicasures, 

“Provided always, and be it onacted, that in all cases of dispulo rospecting the 
correctness of any measure of capacity, arising in a place whore recouree cannot 
convenicntly be had to any of tho aforesaid verified copies or modela of the 
statiddrd measures of capacity, it shall and may bo lawf, to and for, any justico 
of the pence, or magistralo, having jurisdiction in such place, to oacortain the cane ° 
tent of such monsuro of capacity by direct refoyence to the weight of pure or 
rain watur which such moasure is caprblo of containing; ttm pounde avoirdupoia 
weight of such water, at the temporaturo of 62° by Fahronheit's thermomeler, being 
tho" stahdard gallon’ agoertaino | by this acl, tho same being in bulk equal to 

277.246; 1822 (1828, 277.274) 'oubio inches, and so in proportion,” ete, 277.274 
oulifé fghes was talton, as it appenred to bo tho Iatest. determination. 

Tn tho first volume of the Zhaile de Chimie, by J. J Berseliua, second French 
edition, Paris, 1848, thate i8 given a table of the apocifle gravilioa of pure water, at 
different tomperatures of tho contigrado scale, deducod from Ilnelletroom'a experi 
ments, + 4 « 

From theso tivo authoritios weve derived the date for the following table, 


* 
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ay 


. TABLE I. 


WEIGHY OF A CUBIO FOOT OF PURE WATER AT DINVERENT TEMPERATURES. 











a ea cc nent | We 
Jounoratre Wolght In uisvote Porpornta Weg tn ols nly, ofa, Tomporatiro, Welt iat Ina af Cy 
An dogrooa of eubie foot of pure rion at of pure | in Moran of quble bute * 
Yainanholte wator. Pounds Zubetls water Pounds | ¥ahrenivel wator, ot 
thurniguiotar. __bvolnlapola Irtrposs, | "avelxtapoli. 
. a | (62.876 62.278 
is 02.877 62.272 
4 62.878 62,264 
8 62.379 62.257 ; 
‘| 86 62.880 62.240 3 , 
~ 87 62.981 62.249 
et 88 62,881 02.284 
ie 6 89 many} 82.882 62.225 
a ae 89,88 | 62.982 O2.217 
Fayh it bs 40 62,882 62,208 zy 
th 41 62.881 62.190 | % 
stn BS 42 02.581 62.190 or ty 
4B | 02.980 02,181 .., . 
ih 62.879 2179 Hiram, 0 
45 62.878 62.168 Saas 
48 02.876 62.152 <8 
4a 62.875 * 62,142 
48 + 02,878 62.182 
02.871 02.285 





67. Conmn 17. Ratio of the uncful gffoot to the power expended. This column is 
obtained by dividing the numbors in column 10 by those in column 16. 

68. Corum 18, Velooity due to the fall acting upon the wheol The nughoys in 
this column have boon caloulated by the formula nat 


ro 


vo gh 


Vz tho volocity in foot por second. 
g = tho velooliy acquired by a body iat tho end of the first secorid of its fall 
in a vaouam. 


As tho fall acting upon tho wheel; this is given in column 18. 4, 
Inehs 


The value of g has been calculated by the formula given in tho feoond 
edition of ae Lredlé D'Lydveutique, by D’Aubuisson, page 6, vin — A cts 
pie ‘g == 9" 8051 (1— 0.000284 aos, 27) (3 


x 


4t ne 
Ibeing the latitude of the place; «, its clevation cick wil 6 pltivol of the sen; 
and 1, tho taditis of, the terrostrial spheroid, at the 1é¥e) ofthe:sen, and at the place 


{ 7 =x 6868407" (1 -4-0.00104 Goh 22) }, 
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Tho latitude of Lowell, ag given in tho American Almiunne, in $US, BH, At, 


and the height above the soa is known to be about 26 metves, With thesu “dluta, 
the above formule gives, in feet, : 
eee y= 82.1618, 


69.. Corum 19. Velocity of the tulerion - pountweel of the wheel, The dimustey 

‘of the circle inscribing’ the inner edges of tho buckets, ia 6.76 feet; seo art. 86, 
"Consequently the interior civeumferonco of the wheel is 21.20876 fwwt, ‘The product 

of this number into the number of rovolutions per peona, given in column 8, 
_ gives the numberg in column 19,“ * 
70, Corvin 20, Ratto of the velocity of the tnlerion circumference of’ the wheel, to 
to the fall acting on the whee, ..'Thia column is obtained hy dividing 
avin column LQ by the corresponding numbers in column 18 This 
‘coli indjontes the ‘relative velocities of tho wheel,'in the different exporimonte, 
olitninatod: ‘from: tho effects of the variations in’ the “fll ‘acting upon the wheel, 
“Te Comin 21. Quantity of water which paseed the wheal, reduced: to a uniform 
Still: of thirteen fect Tho puabore in this column sre obtained from thoso in col. 
tt 16, ithe following manner >: * 















the observed fall acting upon the wheel, 

=xthe observed quantity. 

== the , quan ty that would have passed the wheel, if the fall had ‘been 
‘Thos, instead of Ji, all othor civoumstances being: the. ‘or : 











. 8'-thé qiiantity. ‘of water - dhseharged by the wheel, all other iige ‘being 
quia wil vay as the equine root of the fall acting updn the wheel, wo have 


Vt Qu vit: Q, 
g=oVh. 






thoret 


snto, the ok quantitios 
ate ont the offeots 










fy nes of: abian, 20: bi "03, that the 
Bate: is: fully: raised, diminishes regue 
ged is minimum in experiment 42, 








’ 





; Bs a portion of tho’ height of the vane, was exposed: to irregular eunvents, Ww 
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in which the whool ‘had the least Helo?) ii experiments 43 and 44, however, 
in which. the wheel was prevented from revolving, by screwing tip tho ‘brake, the 
quantity . dischargod was considerably above the uiirtimum,: ‘Whether. this is duo 
to an accidental position of the buckéts relative to, the guides, presenting’ -aper- 
tures more favorable to the dischatge than the average of all positions, or wee 
it is-due to. some moré -gonaral cause, the ‘author. is not aware, 

78. Conumn 28.° Direotion of the. water leaving the wheel, as indioated ly the vane, 
The angles given. iy. this column show the position. of tho vane, relative to a line. 


passing through the, axis, of the vane, ahd parallel to a tangent drawn through...’ 


the: ciroumference of the wheel, nearest to. the axis of the vane, 
-diveotion ofthe, motion,. of the wheel. Tho apparatus ‘with 
[és were talon, is ‘Aesoribed ‘at art. 43... In the experiments made: 
vas fully raised, ‘ornely .so, the vane opérated satisfrotorily ; but: 
ght of thie gato was diminished, ‘the indications of the vane ‘became 
aertain, ~The vans: was: of. nenily, the same height as. tho orifte 
¢ 1 olvevimferencs -.of . the, Wheel" this. was. very suitable for the expe 
With ‘the gate fully raised,” but in the’ experiments with the: gato partially. “ 

h 


the point i 



















ich 
probably intorfored seriously with its: operation. - The observations. made with the 
vine inthe experiments in which’ thé gate waa _ pirtially raised, are much less 
to bo yolied on than those made when the gate was filly qued the value of 


tho indications being, in somo “degre 

“Th Conmmn 24... Mean elevation pointer on tho bell orank, 
in this column indicat the: mean’ :positions of the bell. prank i 
ments, in. reforenco toa gauge placed 6.5. foot, ftom , /the.’ J 
drank. Tt will ba~ seen by tho table that’ the, monn “positions: 
“from tho horizontal; the pointer was however Henorally " “little pelow, which 
indicates: that: thos. welght. waa gonovally. lifted:sa little too high.. 

The play. of the ‘biwle was confined betweex two fixed stops, placed so that: 
when: tho: heges niood at 0:20 ‘foot ‘below the nae ‘the brake catrack, i 







The aftnabors 
a experi 
val: 
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ry a 8 4 b 6 
Temperature of TRAM 
the ntmozplere In 
No. a ed i Rl 
of the DATE, thormometer, | of the of tha 
experts : ars vogulat>| Begining of the Endlng of thy 4 xpwrl: 
ment nu. external Inggnte,} — Sxperhuvents exportawnt. ment, 
at wh WRC eR remem | Ht muri 
shales Wb [auin.| 609. Hers, 
1} Pebrany 17%, pat. | 81.00} 41.00) (1.50) 2} 49) Buu) Wb} FaHG0 
a{ ow * «’ # | 29,00] 36,75] 11.00] 2) a7] B00) YLT) GLG,7h 
8 «, « @ | 80,261 86,25] 11.43; 9] 56} 2600 41,60) 616,40 
4 “ & & | 99,00) 35.25} 11.d0} 8} 28) 24.00) 8.50) 311,50 
5 « « « | 2950 ado] « | 8] 20) 8.50) 18,00; 449.50 
6 «  « 6 199,75) 96.26} « | Bl 87] 18.00 AR78| ATH 
7 # © -& | 99,50) 35.50) « | 8} dB} 18,00 82.00) (34.00 
gi. « « « {99.961 B50} « | d| df 98,00 40.50] 805,50 
9 « & & | 99,95) BAGO © | dg} LOL L976 41,00) 821,25 
10 a «| 99,00} sino) © | 4} 18] 41,00 TB 600,50) 
11 «  « « 1 9goo aizat «© 1 al etl 6100 A125] OBR 
19 «  « « | gasol asool « | al a) 10.80 Aion} sen 
18} February 18, Avan 86,75) © | 0) dap Ba 58.00) 512,40 
ld {> « " «| gg78l sagt « | 9} dal aon 72h! OLE 
1b « « & | Bdgn) 375] « | 9] Bt] 7.28 50) BUT 
16 # © & | 94,00; 80.50) © | 10} 12) 2700 BTQH} Abhi 
17 “« “| 88.75) 8.50 | 10! 20] 18,00 23.80) GLO) 
18 «  & « | 34,00} 86.50) © | Lo} at} 64,00 Bab) awh 
19 K “4 $4.75) 86,75) LO} a9) b2.00 On) h9G,00 
20 |. « « « | geod acoul * | ta] tol Teo Bast HART 
21 « « « | 3,60] acco} | a1] gal pans LOU) GODTh 
22 ® we | 85,501 BO78} © | 72] aa} Lenn avo} 838,00} 
23 | February 18, reat} 41.00] BO26} | a aul Onan 14,00) G61.40 
a4] « " «a | 39.75) Ba75] & | Ql di! s0t0 51,001 660.50 
25 «# — # —& } 99,00} 40,00} * |) Bt SO} BL.00 9,00) 701.00 
26 « a « | 9g7a Baad 6 | Blea zd GH,20) 28.78 
27 « —& « | $8.75] 88.00) « |g] 27] 54.00 6,25] 852.28 
28 ® | 38,50} 86.25] © | 8} 58} 40,25 125) 71400 
29 « a « | 98so} saga] «© | 4) 28) 54.50 27.00) Go2hu 
80 « « & | 87,95] 86.50] & | ad} 65! 58.00 7) 43,00} 705,00 
31) February 20, A.a, 12-48) 9) 16) L628 85,00) Hi8,7% 
82 « "| 98,80} 8800) | ol dz} 40.80 ORS NENT 
ae] «© « & | ggi7a| 85.00} « | 10] Bf 85,00 49.78] O14.75 
34, ww |) 86.25) 83.50] | 10) 87] 80,60 8.26) 697.75 
35 iS #  & } 9800! 88,75) Tad gl Btu 22.95) 0738.76 
Bj « « MH | dLoo} a75] « | 11] 28] 88,25 26.00] GU7.75 
87} «& & & J arsol aoool « | Tuas} 60.00 15.50} 619,80 
88 | February 20, reat, « | "9t got 89,80 69,50} 540,00 
Bf 49.26) 85251 | Bl 85) 11.00 48.80} 95.80 
so} * & w | anzs] a675) « | af a1} 50.50 16.80} 500,00) 
AL] | Atel B6s78) «| 8) ds} 27.50 25,00] 657.50) 
< «  # «| 41.60; 86:00) * | dl 9} 29,00 Ay.6O] 85050 
dd et Siete , Hi ; q f 80.00} 90,00 
45 | February 21, A... 86.25) 85.50) OF 22) 87.50 pet fara 
4p} 8" el B6.25 85.751 © 1 of 88] 8.00 Lon} 601.00 
4a « ww « | gaoal ac75) « | tol | ag.75 1.00 oinae 
48{ « « & | 8675! aco5| « | 10] a5} 88.60 Beal ona7s 
49} «+ & «& } seo! sco; « | tof Sol 83.0 al eve 
Fs ie, cas Capea neon 50) 85.00 U75l 606,75) 
178, 80,251 SS} 14} 54.00 Ad.95} 050.25 
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Nunley of | Welt tn 
rerelutlonst (thie zeatr, 
pf'the wield] les pound 
per second farnintiapals 


QRUATL 
OMN177 
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Lent 
Laisz1a 
Linda 
trot 
Lwowd 
Lad 
LAKAGG 
L. (addy 
17a Ly 
LTRAGH 
1.007 Hy 
Lage 
PES 
(HGH 
O01b07 
O.A22R2 
OWL LLY 
OV0801 
0.80718 
L.7a004 
0.80906) 
0.88406) 
0.87441 
O.8RO12 
0.87807 
AUBGG LE 
OWS LOU 
1.74071 
ORRGHL 
GAIL 
0.78 10] 
O71 


Cetra 
VAAL 
LAAS.84 
HUZON 
ALA 
DUTT 
CHH.80 
rier} 
RL 
SATBS 
WaT dy 
0, 
0, 
T1407) 
1230 
Leu t 
HE 
1840,28) 
1A9T2 
1418.70 
Lata, 
1443.0 
0, 


Tdi. 2t 
1464.80) 
M7487) 
LP 7, 
LIKAGS 
TMK Gt 
14? 1.07) 


_ 


O, 
ThA 
Tayi 
Uae? 
VI LA) 
OUT, THIET) 
OMSK, THD La 
LIBATH 0, 
ORT WEA 
O,00g00; vol Loy 
WOQN2, QTAT I) 
OAL BhN7 AN 
a AQT ASH 
80.16.98 

fh, 
MWidhal 
1590.50 
1G 4.70 
TO 
OTM Ay; 


O.BUNgT 
0.78088) 


HTTHOS 
A7AUT 
R77A50 
A Od 
428920 
O1080,0 
Banda, 
ObHtA 
Teds 
TTABAG 
BUY 
a 
0 
ROHR 
RnR 
HONDA 
Edu al 
H7HU2,7 
N77TELD 
MTKUNY 
Ths 
BROTH 
0, 
RAAT 
HAVA 
RTTDG 
RAYE Lol 
ChAT 
ROHL 
HMYTHA 
o 
BRAYOR 
HHT Ae 
M7ttd7.4 
MT 
KONE 
MH 
th 
RELA 
RRTALR 
THA 
TOR 
a, 
a 
a | 
ARAGON! | 
AB8G7.4 
RRL 
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EXPERIMENTS UPON THE TREMONT TURBINE, 


TREMONT MILLS, IN LOWELL, MASSACHUSETTS, 


IL | 12 
Malght | Hulghe 
ol of thu | of tha 
wnter 
No. | veator | inher 
of the latiave tho} Dnsalne! 
lel whival the 
asporle by duel, 
mont. taken dn] taken 
the tn the 
forwhay, “at Z 
Th fowt. | in foot 


1 /15,082] 2,218 
2 \1ioTol220 
8 } 16.087] 2.218 
4 | 15,080] 2,489) 
® ) 15.0421 2,481 
6 115.061} 2.808 
7 116,001) 2.968 
8 | 15.000} 2.8.19) 
9 113,080] 2.812 
10 118.109) 2.802 
Mt 15,100} 2.281 
12 118,028) 
{8 }15,071} 2.661 
Vek 1.120) 2.264 
15 |14.117/ 2.229) 
16 15,116) 2.226 
U7 16.128) 2.289 
18 (15.111) 2281 
19 JIRA 2.231 
20 | th LL] 2228 
QL | 15128) 2.224 
28 [15.128] 2.224 


29 [TANGA] 25 80LT 24 20 
12.008] 1.8778 
L8775}1.99,029.1 


24} 16.124] 2.219 
BG [151 LAR 
26 116.102} 2.209 
‘Q7 FLAT 6 2214 
QR VLU 220 
QU LGU 1B e219 
BO AN 20d! 
BL | LOR 2H 
AQ PLA LL R204 
88 [TEU 2200 
BO 11520] 2.148 
Um ROR L Patel 
86 115.128] 20 Bil 
87 [UAL R77 
88 15,080) 2.536 
BO 114,148) 2.180 
40 |16.186) 2.168} 
dt |1i,(86) 2.169) 
42 110.198) 2.188 
48 115.116) 2.919) 
44 115,006) 2.822) 
46 |Lh012 2541 
40 | LALSG 2.203; 
47 }15.194/ 2.202 
AB [15 L12' 2104 
49 116.144) 2,108) 
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Yotnt 
ful 
aoulng 
upon. the) 
wheel, 
In feet, 


12.861 
12.800 
12,800 


12.058 


12,720 
12.777 
12.800 
12.819 


12,850 
12,888 
{2.890 


12,880) 
12.885 
12.886 
12.BD) 
12.898) 


12,899 
12.808 
12,002 
12,006 
12,906 
12,903) 
12.489) 
12.014 
12.084 
Ladd] 
12,089; 
12044 
12,940 
12,500 
12,068 
12.978 
12.077 


12,774) 
12.471 
12.044 


12.951 





5O 115.144 2.192 





12,052 


12.696)1.9784 
LO536] 147.2049) 


12.510) 2.0089 


12,890) 1.8989; 
£8908} 140.4057, 
L,8878] 140.0848) 


12,0414) 1.8252 
12.797/1.8160 


12,082}1.8726 
12.948] 1.8728) 


Lal 


Depth of 


water [whieh pasxet 


on the 
wolr, 
In teat, 


1.8811 
L881i 


1.8816) 139.1676) 
12,584} 2.0888 
12,611/2.0180 


1.9989) 


L420 
1.9815 
1.9226 


1,9008; 
19054 
1.0048} 


1.8866) 
L8ahg 
LBKY4 
2.0884 


1.8760 
1.8758 
1.8700) 
1.8727 
1.8007 
2,089) 
18704) 


LB701}158,2085 


1.8687 
1.8052 
J.869 
1.8412 
2.0884 
1,848 
18980 
1.8282; 


1.8457 
2.0864 
1.8787 


1.8714 
1.8694 





1801200) 


165 
Quenttty 
of water 


tho wolt, In 
ouble foot 
por Kecond 


189.4206 


160.6470) 
164.8891 
L62,2089) 
149.4059) 
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Total poor 


lof tho water! 


Jn pounda 

nvolvdupots 

salad one 
funt per 
secon, 


111870.0) 


LU1888,2 


L11951,2 


122668.3 
12144d.2 


1201748) 
118868,5; 
LLO864.8; 


146,020.4}116878,2 


Ud.8734 
148.9088 


168.4818) 
1425180) 
142.0489) 
(41.9762 
L41.2762 


{40,0060 
189,9040) 
139.6078 
LGL.6944 
189.0070 


188.7601 
L8R.BARD 
188.8711 
1885134 
188.1892! 
162.8288 
188.2608) 


188.0800 
197.7076 
1904917 
1a6.f415) 
1610044 
186,8428 
184.7976 
(88.7598 
183.4850 
185.0596 
185.0205 
162.0287 
188.0244 
198.5029 
198.1000 
138,5692 
198.1559 





(15667.0 
115067.8 


1276597.8) 
1142842) 
LLA187.1 
114150,8) 
118640,9. 
112848,8) 


112668,7 


112582.8 
112508,8 
1128648) 
125856.0; 


1118085) 


1118504 
1115910) 
111740.8 
111702.9 
L11604.9 
VLBA 
126060.2 
1118840 
T1Lb21.1 
111468,0) 
411189,7 
110200,9 
109077.1 
1260714 
1004884 
109077.0 
1082668 
107764.7 
108280.4 
108059.4 
1260848 
112009.8 
111720.6 
111882,0 
W17772 
11 1618.5 
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Volootty 
duo to the 
fall auting 

on tha 
wheel, in. 
feet por 
focond, 


Ratlo 

of the 

‘usofl 
effect to 
the power 
exponded, 


0,78449128,7056 
0.78800)28,7611 
0.78978] 28.712 
0.27187|28,4160 
0.85318} 28.4818 
0.48005|28.5287 
0,50720128,577 1 
0.57190] 28,041 
0,02228]28,6681 
0.06704|28,0080 
0.70850}28.7152 
0. —__ [28,8670 
0.71751 28.7506) 
0,74987]28.7994 
0.7501498.7946 
0.76008] 28,8018 
0,774421 98,7888 
0.77020| 98.7808 
0.78040|28,7002 
0.78147) 28,8047) 
0,78884| 28,8086 
0. 28,2750) 
0.78876|28,81 14 
0.78810| 28.8047 
0,78611/28.7080 
0.78997] 28,8080) 
0.78084] 28,8125 
0,702251 28,8126 
0.79875] 28,8002 
0. — [2a.s009 
0,79204/ 28,8995 
0.70243] 28,8437 
0.78008 28,8515 
0.78810) 98,8108 
0.77916] 28,8549) 
0.76978] 28,850-4 
0 198.8507 
0.70886] 28,8761 
0,76277| 28,8872 
0.72499] 98,8014 
0,07887| 28,8508 
0, {28.8906 


0. 28,0648) 0. 
0. 28.8228 
0.70104] 28.8660 
0.70097] 28.8415 
0.78004) 28,8598 
0.78859] 28,8627, 
0,787 28} 28.8688) 
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‘Yolority 


olreumst neg, 
of tho 

Wheel, in 
feat por 
Rocond. 


18.0525 


18.0491 
33,8558 
82.4009 
30,9921 
29.9107 
277608 
20.4041 
25,1208 
28.8602 
87.8886 
87.8819 


21.7090 
21.1940) 
20.5681 
20,0400 


19.8219 
10.1278) 
19,0248 
87.7662) 


18.7602 
18,5527 
18.6616 


87.0521 


U5.7871 
17819 
18.6023) 
87.8074 
(8.7208 
12.7285 
11,2882 
9.6802 
0. 


87.8168 
17.6447 


16.7804 














20 
Ratlo 


volocity of 
of the to interior 
intertor fefreumfncel 


of tre 
wheel to 
the 

‘voloults 
duo to tho 
full nating 
on tha 
wheel, 


O.0HHKG 


18.9107] 0.05761 


0.65801 
1.19188 
1.14078 
L08086 
102588) 
0.97067 
0,92 LOZ! 
0.87546 
0.89098 


1.88866 


22.6859]0.78716 


0.75898} 
0.78604) 
O74 
0.09626) 


19.560.1}0,67979 


0.67118 
0.06405 
0.66048 
1.88567, 


18.91 68) 0.65657 


0.66150 
0.04424 
0.64779 


18.514 1/0.64257 
18.878210,68708 
18.0474)0,02045) 


1.88686 


17.7830/0,6L52h 
17,2476) 0.59706 
10.0284!0.57024 


0.84549 
0.61055 
0.47459) 
L88544 
OATH LE 
0.440465 
0.89071 
0.88870 


0. 
1.39621 
0.61126 


17,8179]0,60045 
17.0827; 0.59020 


0.57097 


16.8058/0,60492 


RL 


Qunntlty of 
wator whieh 
passed tho 


walform fall 
aC £8 feats 10 








wheel, jAuantity hy 
reduced to ajoolunm 22)" 13 
tothe [indicated 


enblo feat fatantity inj 
por second, |experimont 
20, 


140.1657) 1.01044 
140.1775) 1.01060) 
140.1756) 1.01058 
169.4053) 1.14922 
156.7522) 1,18000 
Vid 8d2) 111271 
151,2442)1,09088 
148.0000) 1.07988 
47.289 1] £00187 
146.0000) 1.06268 
144.021 211.04480 


166,0015/1,20110 
148,9.110/ 1.0882 1 
142.0502) 
142.5808) 1.02799] 
41,8448} 1.02269) 
141,11 86) 1.01788} 
140.7102) 1.01450) 
140,624.06) 1.01889) 
140.4507] 1.01257 
140.2190) 1.01090 
165.8660) 1.10220 
189.5177] 1.00584 
180,672411,00628 
189,887) 1,00452) 
189.8762}1,00481 
189.878011,00489; 
189.0169) 1.00228 
188.707 611,00000; 
105.2858) 1,191.01 
(88,7211; 1.00010 
188.6858) 0,009 12 
188.4018] 0.99770 
(88,0818) 0.00518 
186,7866]0,980185 
185.d6405)0,07 656 
164.8960) 1.18881 
185.595410,07718 
184.0878] 0.07282 
188.8728) 0.90514) 
188.7007}0,96800 
186.7208} 0.98671. 
190.8150) 0.98085 
165.4245}1.19261 
188.8708) 1.00117] 
188.8660] 1.00114) 
188.7468) 1.00028, 
188.6807) 0.99946 


188.4117! 0.00787] 89| dd 0.010} 


Natlo 


Direction 
oF the) or tho 


retlueoil 


reiliteadt 


2849 








the WJicuby} 


logs {my 


47} 0/-4-0,002 


aa | as 


water 
leaving 


by tha 
aie, 


AT AB 


88 


Rab 


Mean 
oloyation, 
of the 
potnter on 
the bott 
oank,. 


Font. 





i 


47) 28|—0,001 


15] 19} 0,001 
18) 8}-~0,010 
20} 8)--0.018 





29) 49)+1-0,002 


$8)30 


85187}—0.001 
38|20]—~0.001 
41/26)—0,008 
44} 20}--0,001 
46|18}—0.002 
47|26}—~0,005 


48) 26 


49] 28] 0,008 
50{87|--0.004 
51/401 —-0.067 
51] 18|—0.018 
52) 26}-—-0,018 
59) 52|-—~0.017 
58}10|—0.018 


OL bel] QQ0LL 
60) 6)-0,008 
8G) 12]—0.00d 
90) 25}-—0.014 
115] 48)—~0.004 
181 18) 0,018 


190} 51,-~0,010 
180) 457-—0,010 
14725} —-0.005 
—0,015 


60} 62: 0,012 
68) 16; 0.008. 
66) 27| 0.016 
81) 48|—0,007 








221 56|—~0,018 
26|47}—-0,001 


0,004 


0, 
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No 
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expert 
mont 
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DATE, 
1661 


February 21, rx 
“ « a 
7 “ “ 
“ “« “ 
« “ “ 
“ lf « 
“ “ e 
« “ a“ 
“ “ “ 
“ “ iy 
« i « 
“ « “ 
“ “ « 
“ « iG 





« “ow 
« “ « 
« “oo 
“ « 4 
t « 
“ «4 
“ “« « 
“« «6 
« “« 
“ “« 6 








Pobrunvry 22, Am 
“ oo 
«© pon 

February 22, pat 
« oo 
“ « oy 
«“ “ “ 
Li “ 
te « « 
3 « « 
“ “oo 
« « 
« “« ot 





Febraary 22, r.at, 
“é « ig 


“ % “ 
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EXtaunnt 
ale in 


the 
style, 


84,78) 
81,50 
84.50 
81.50 
3450) 
84.50 
84.50 
BL25 
Bw 
dus 
Bah 
8.100 
84,00 


38,25 


87,50 
88,00) 
AOVT5 


42,75 
48,75 
44,00 
44,26) 
48,705 
48,60) 
48,50 
48.25 
42,26 


42,00 
41,00 








Ralrentic t's 
thormometer. 


the 
whevlptt 


Poupuratuse of 
the atimoephere in 
omer 


Iu 


86.50) 
BG.25 
86,50 
80.50 
37,00) 
86,78) 
87.00 
87.00 
SYA 
80.75 
80.50) 
3600 
86.00) 


BAZ 
86.50) 
BGA5 
87.28 
87.265 
87.25 
B725 
85,78 
86.00, 
86,25 
86.26) 


5,75 
86,00 
36,75) 


86°00 
80.50 
87,00 
87,28 
87.26 
87,00 
80.76 
86,80 
8,25 


87,75 
87,25 


fn ct RR A RTA eS 


a 


Tfolght 
of tha 
wewtlart> 
Ag gate 
In Juchos 


8.55 
« 





* 
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a} 17} 1180) g) aah Beau) 4o1fo) dee, 1 adaat) aaa) tana. 
OF Bt) SLao} 2p met 2.00, ATO) Gon, LTR, PP TA 
gf gal dnool gf 4a] ido) Avan) mao) LOT e, Me Tete 
ve ttl b6.A0] vb Gol waon) sopsul Aan) LOT Woda! FHo12,0 
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yi Q3t 17.0] a) 88) 87.00) 600,00) dae Ganon PLAT) Bett, 
3] 88) 8700) 8] dae 17.00) az0.no, a0 Cane} PEN 8 ard Ee 
giant Tago] oat Aa} baa) Gaza) dae, OSes, Te azn 
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LL} 18) 49.00) 12) 21) 17.00) 488.00) goo) Ont ae iad 
‘L1) 85) 20.00) 11) 40) fo) dopo} Adal avira Lawn Re 
11] 46] 2L00; Li) 68) 87.00) 42uoe) aiob Oa bin Ubon] RELL 
yO) dio) 0) 8) 00) aa.bop you) O.tAdA pan ain bed 
pel (eel sy ieee ren (are eS 6 = 
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Qo) B00) 8) 47) BeoUl BOO) deol LERE)  Piai, eine 
2} 48] 41,00) 2) Bll d3.fo) AO LAO) Sat cgdoga) Bea abst 
2) 58) AGO) 8) 2) dot) S8H.50) san) oseaynl  spnan) epi 
8) 2} 14,60) 8} Ako) 44880) don) OZ rad) eteel gta 
8) 14) 21.60) 8) 18) 48.00) 41G.A0) 50) ohAgT) Today sotto 
8) 20) BAGO; 8) 271 47.00] 482,40) ool o4ee ia hee Panny 
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LI]. — Cosrixurm, 


TREMONT MILLS, IN LOWELL, MASSACIIUSHTTS, 
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86 EXPERIMENLS UPON TUR TREMONT TURBINE 


DESCRIPTION OF TIM) DIAGRAM REPRESENTING THE TXPERIMIENTS, 


78. For the purpose of presenting a general view of Uho experiments, tho 
coeficienta of effect, at different velocities, are plotled al figure J, plate VI, on a 
system of cobrdinales, ‘Tho ratios of the velocities of the interior ebremuforence 
of the wheel, to the velocities duo the fall acting upon the wheel, given in 
column 20, table ID, are takon to represent the velocities; these ratios are here 
called the velocities, and aro takgn on the axix of absvissns A.5 the correspond- 
ing coefficients of effect given in column 17, tablo TL, aro taken upon the axis 
of ordinates AY. . 

76, Tho line CD represents the oxperiments made with the regulating gate 
fully raisod;—to avoid confusion a portion of the experimenta are oniitlerd yo 
the experlnents represented are thoxe numbered fom 4 to 42, inelusive, whieh 
wero made in rogular sequence, with gradually inerensing weight Th will be 
observed in the table of experiments, that several tink were mady with the brake 
entirely removed; thoso were made, generally, alter the wheel lad beon tet for 
some time, for the purpose of seoing if i wes in as good running order i itl 5 
if ony material chango had taken place, ib would have been indionted hy a chinge 
in the velocity of the whoo. 

The experiments thus made, omilling experiment 12, in whieh the height ju 
the whoelpit was not obsorvad, are collvclud together in the following (uhle. 


* 
Tiatlo of tho velootty of the futons ete 

enmmferonea of tha whch ta te votualty 

duo tho fl neting upon tho wheel. n 






Number of tho 
oaporbnont, 





18 1.88806 

23 1.93807 

81 L8d6a5 

88 WN5 

45 LAgayL 
Mens . . | 1.88627 . 
ssn ee ae or OO sd 

* 


The grentost variation in theso velocities ig in oxperimont 18, which ix ha 
part below tho mem; the running condition of tho whool mivst, consequently, 
have been nearly uniform, 

Tn all the experiments with the brake removed, the coofficient of efeat, af 
course, is nothing, and thoy would he represonted on the diagram by pointy on 
the axis of abscissas; for the snke of distinctnoss, only ono of thoxe tied when 
the gaté was at its full height, is represented on the diagram. 
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* 

There is a small irregularity in tho line CD, at numbers 26 and 27; both 
theso oxperiments wore mado wilh the same weight in ihe scale, and under sim- 
ilar circumstances, excopt tat in 26, water was usod to lubricate tho friction 
pulloy, and in 27 oil was used. 

It has been stated, that, with heavy loads, the brake operates much more 
ateadily with oil as a lubricator, than with water, and the change in the lubrica- 
tor nb experiment 27, was made in consequence of the difficulty experienced by 
tho operator, in regulating tho tension of the brake scrows, In experiment 26, 
nearly his whole slrength, applicd 1o tho extremily of a wrench about three foct 
long, was required to move the nuts, whereas, in oxporiment 27, the samo opora- 
tion was performed with great couse. Experiment 26 was of much shorter dure- 
lion than experiment 27, and a portion of the discrepancy may bo due to a 
proportionally less poxfoct observation of tho data in 26, 

The lino @D shows that, with a velocity of tho interior circumference of tho 
whool not less than 44 or more than 75 per cont. of that duo to tho full, the 

“usclul offeol is 75 per cont, or more, of ,tho ‘total power oxpended. Beyond 
theso points, tho chango in the coefficiont of offeot is nearly oqual for equal and 
opposite variulions of speed; thus, the diagram indicates that the coofficient of 
effect is 70 por cont. of tho powor expended, at the velocities 0.860 and 0.884, 


0.436 — 0.360 = 0.076 
0.834 — 0,750 == 0,084, 


Trking the mean of the oxtremo velocities, that is, of 0, when the wheel 
was still, and 1.835, when the brake was romovod, wo have 
‘ HOMES 0.6075. 
which is not fur from the velocity giving the maximum cocfficiont of effect; 
that is lo say, when the gate t fully raised, the cocficient of effect is a maainum 
when the wheel is moving with about half its maximum velocity. 

77. Txperiments 48 and 44 were both made with the gato fully ynised, but 
the wheol at reat, tho brake being screwed up sufficionily tight to provent the 
wheel from revolving;— thoy wore made for the purpose of nscertaining tho total 
offort that could bo exorcised by the wheel. 

By reforenco io column 9, of tho table of experiments, it will be scen that, 
in expovimont 48, the weight sustained was 4213.38 pounds, and in 44, the weight 
was 8946.88 pounds. These experiments were mado undor circumstances nearly . 
idontical, except that in 48, the weight proponderated, and in 44, the power of 


NSS 


88 EXPERIMENTS UPON THE TREMONT TURTINE, 
e 


the wheel propondorntod. In 43, tho weight was the lous thal wonld enti Uh 
scale to Jower when the boll erank was placed horizontally, and thon left free; 
on the othor hand, in experiment 44, the weight waa the groatoat thet woul 
allow the scale to be raised under tho arme cirowmstimecs; that ja to aay, ine da 
the weight roprosents the force exercised by tho water against the wheel, yin 
the friction of the ontire apparatus, and in 44, the weight representa the sane 
thing, minus tho friction; the difference of the woights, ar AS LAE QO10.98 az 207 
pounds, represonts double the friction, and the true forea exereisod hy tho water 
against the wheel, is reprosented by tho weight 


’ Spisse ps == 4079.88 pounds, 


This weight acted at a distance from tho centre of tho wheel, equal to tho 
effective length of the brake, or 10,827778 feet (art. 50). 

Tho radius of tho turbine, at tho outer extremities of tho bnekela, ia 4.146 
foot (art, 85), consequently, the equivalent Jorco acting langentiully at the outer 
extremities of the buckats, was 


cmeer tC pile == 10058,1 pounda, 

78, Tho line HF reprosents tho experiments munbered 77, 78, and 70, made 
with the gate raisod 9.96 inches, or abont 87 per cent. of the full height Ry 
a reference to the table of experiments, it will be seen that, although the regu 
Jating gate was lowered 13 per cont, tha quantity of wnter discharged by tho 
wheel was diminished loss than one per conk , 

79. Tho line GAZ vepresonis the oxporiments numherod from 61 to 04, inclu 
sive, made with the gato raise 8.55 inches, or about throe fourths of the full 
height. . 

80, Tho line LK yopresonts the experiments numbered from 68 to 76, inclu 
sive, mado with tho gato ynised 5.05 inches, or nearly a half of the full height. 

81. Tho line ZA represonts tho experiments numbered from 80 to 87, inclu. 
sive, made with tho gato waisod 2.876 inchos, or ono fourth of its full height. 
Experimonis 88 and 89 wero made with the ame height of gato, but with tha 
wheel held fast by the brake; the force oxortod hy the wheel at the distuuce 
10.827778 feet, independent of friction, was 


“asbog | 20h == 1124.66 pounds, 
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82. The line A’O represents the three experiments numbered 90, 91, and 
92, mado wilh the regulating gato raised ono inch. . 

An examination of tho diagram will show that the velocity corresponding to 
the maximum cocfficient of effect, diminishes with the height of the gato, For 
heights not less than one fourth of tho whole height, this diminution is sufficiently 
regular; for heights loss than ono fourth, the experiments are not suflicient to 
indicate the volocity giving the best offect, but tho diminution is evidently more 
yapid than for greater heights of gate. 


a 


PATTI DESCRIBED BY A PARTICLE OF WATER IN PASSING TITROUGH TIM WHEEL, 


88. As in many other problems in hydraulics, resort is hore had to a par- 
ticular hypothesis, which, at best, is only an approximation to the truth, nevarthe- 
loss, iL may be the moans “of throwing some light upon the modo in which tho 
water acts upou the wheel. 

Tho particular hypothesis here assumed is this; every particle of oe contained 
in the wheel, situated at the sane distance from the avis, moves in the same direction relative 
to the radius, and with the same velocity. According 1o this hypothesis, tho successive 
sections in which the same particles of water are found, are in cylindrical surfiees, 
concentric with the wheel. 

Applying this hypothesis to experiment 80, on tho Tremont Turbine, lel us 
BUPPOsO 


Q’ == the moan quantity of water discharged through each aperture of the 
- wheol, in enbie fect per second, 
w == the angulur velocity of the wheel. 
tis= tho vadius of the circle inscribing the inner edges of the buckets, or OA, 
figure 8, plato VI. 
R'sz tho radius 023, 
t= the tine ocoupied by a particle of wator in passing from the section A.D 
to the section 2G or, which is tho samo thing, through tho radial 
distance 2’ 
== tho arca of ABCD, in square fect. 
ac =the mean height, in feet, between the crowns of the Heel, between tho 
sections AD and BC , 


® 


Wo have , 


7 
Alf= the volumo of water contained between the sections AD and BC. 
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4 is the time ocoupied by a particle of water in posing from tho xoetion 
AD to: the section BG and it will evidently bo the time required for the dis 


ek of the volume AZ Wo find ¢ by the proportion 


(IT 
QL Asim 


Tf the wheel was at vest a particle of water at A would arrive at 2 in the 
time 4, but the wheel is moving: with the angular velocity «, therefore the point 
B, in the time 4, will have advanced to 2, and 


& 


BE= Rut ™ qo 


_ consequently, a particle ‘of water at A, instead of boing at J?, at the ond of 
the time ¢ ‘will, have arrived, by some path, ab the. point 2 In thia mune, 
~ by: taking successive values of J’, sufliviontly near to” each other, the entire path 
ofa particle of water, from its entrance into. the wheel, up to the mument of 
its dischange, may bo traced; and as, by tho hypothesis, all the particloa'nt the 
seme distance. from’ the axis move with. the xame velocity, and iu the anne 
relative \ direction, the path of the entire stream, from its entrames inte. the wheel 
to its discharge, will- be determined. 
In experiment: 80, wo havo the total quantity discharged hy the wheel equal 
to 138.1892 oubio foot per second; as the wheel hes forty-four uportures, 


Qr ais == 8.14000 cubic fect por second, ° 
The velocity of tho interior cironmnference of the wheel waa 180474 fect per 
second, and the interior radius of tho wheel being 8.576 foet, we havo 


18,04 
w= ae a= 6, Bd feet per second, 


consequently, : 
ig 5ad7d. RAS 
es Sri fs 1.7096 FA, 


. 


ot 84. ne sngoseiire stops in the cxouation for tho entire path, aro given in 
table Tu: 


~The , fires cof circles ra, IIT, eto, avo ‘dear on a. plan of the buckets, figuro 
6°, “plate VI, with, the radii contained in the fivet column. 
Conumn 2 contains ‘the entire areas of these circles, 
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Corum .8 contains the areas of the rings comprisod between theso cireles, 
which aro obtained by taking the differences of the successive areas in column 2. 

Coxumw 4 contains tho areas reduced to square fect, of that part of each ring 
corresponding to a single aperture in the wheel, including also the area occupied 
by the thickness of the corresponding part of one bucket. 

Cozumn 5, .Corrections for the thickness of the buckets ;— these: are deducod 
from measurements taken on a full sized plan of tho buckets. , 

Cony 6. ‘True arcas of the partial ings, boing the differences of the con 
responding areas in columns 4 and 5, 

Conumy 7, Mean heights of the partial rings;—+theso are also takon front a 
full sized drawing of the wheel. 

Conumn 8. Volumes of the partial rings, or tho pena of the corresponding 
numbers. in columns: 6: and 7, 

Commmn 9, “Volumes betwoon. the radius R and ‘the successive yolues of tho - 
radia J, 'Thoso aro obtnined by adding together tho volumes of tha- partial 
rings, upto the corresponding radius;— they aro. tho successive valuos of A JZ 

Conuatn 10. Lhe ordinates ;—theso ate. successive values of ; 


1.7026 RAZ, 


thy. auccossive valuos of .R’ being taken in foet, instond “of inches, ag tliey are given 
in column 1. 

















‘ TABLE IT. 
10 
ay ‘ Orden. Mn 
“Yatun of’ Avonx tn equare | Arena in of thodrang | Correation for | Tre avons of | Mom liefght jYohuniba of tio] Yolumoa feat, f 
Ry iad [flies af cliches) eqatteo Inctios ) of tin rings | Uw Uinknises | io ynrdbal of. Uns Parthal rhygs, Thotwoon & aril sara on 
Knerorelys | of the rail {tt of thy tn the last {of the buekot,} choy, fr pectin i riba, fn enbio the wuceerslve the 
valox nf | thes Jat coun. ‘complete dings) “oytammn, | Uvaqunre feet | -aquure foubs i. foat. values of 2, roreponing 
A Tule, +d Betstare Rob, Onbio fet, rad! 
i colunm 1. 
sane ste were enetatn en eee bee mmo] enmneneiooveion oo (ee - etn ngenn ernie) esterenenrri 
A106 12.007 : : 


45 |. GtlOG08 |: 267,610 1. 0.04066]. 0,00001 | 0.08976 | 0.92641 0.08682 | 0.08682 | 0.2168 
ARS HOTA GOR | BORDA | OO4LG {> 0.00099 |. 0.04066 | 0.9080 | 0.08602 | 0.07874.) 0.4dd7 
ARG BVUO70 | 270177 | 0.04264 | 0.00100 | 04158 | 0.8040 | 0.08717 | 0.01001 |. 0.6845 
AAs G22L180 | 276.460 | 0,05868 | 0.00115 | 0.04248 | 0.8840°] 0.09755 | 0.14846 | 0.0878" 
AD G5O8BRY | 282.748} 0.04462 | 0.00188 | 0.04884 | 0.8775 | 0.08808 | 0.186469 '] - 1.2080 
AGG O792.900 | 280.027] 0.04562 | 0.00146 | 0.04416 | 0.8755 | 0.08866 | 0.22518) 148dd 
AT FORRQ1IB | BOEBON | 0.04081 |. 0.00174 |. 0.04487 | O8BO0 | 0.08040.) 0.264644 11,7885 
d88 FSR | 801,598 | 0.04760 |. 0,00212 | 0.04548 | 0.8920; 0040571. 0.80521 | 21008 
49,0 THARNGE | 158168 | 0.02417 | 0.00188.) 0.02279 | 0.9055 | 0.02064 | 0.82685") 2.2004 
40.25 7 7020128 FTAGH |. OO1Z18 | 0.00078 | 0.01140 | 0.9145 | 0.01042 |. 0.88627 1 2.8498 
40,50 | 7007,087 97,568 | 0.01224 | 0.00087 | 0.01187 | 0.9210 | 001047) 0.84674) 2.4882 
ADTH | TTTS 088 | TUL Lt 9,01280 9.00084 | 0.01149 | 0.9277.) 0.01066 | 0.85740 | 2.6228 | 
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49, EXPERIMENTS UPON ‘TH TREMONT TURBINE. 


5. The ares FG, ITE cle, figure 2, pluto VE, aro taken equal to the unl 
nates 0.2168, 0.4447 oto, in column 10 of the tablo; Uke peintx a ie ube, Ky 
are joined by a linc, which ig tho limit of the alreamn on one side. ‘The Thnit 
on the other side is found by making tho ares @ ee WN, 4 Afe= 10, ote; 
the points 2, L, U, ete. P, being joined by a line, givo the limits of the siren 
on this side. 

86, By an inspection of tho figure, it is plain that, in exporimont 80, tho 
path of the water through tho whecl must have beon a continuition af the 
direction given to it by tho fixed guides 71, and that thero was no sudden 
change of direction or velocily, up to o point near where the wtor wars din 
charged from tho wheel ‘The abrupt changes at this point, iudiewted hy the 
figure, could not, in roality, have taken place, ax wo know hy tho direction 
assumed by the vane, which is represonted at 87! in ity mean position during: the 
experiment. 

87. Tho foregoing hypothesis will evidently lead to results more newly com 
reot, the nearer the buckets are to cach other, until, in the caso in whieh the 
spaces between them aro infinitely small, it will give tho path aceurntely. In 
applications like the aboyo, where tho spaces aro very considerable, it ia aeamuodd 
by the hypothesis that tho wator passes through in curved unin, suporiniposud 
on each other, tho first of which, in contact with tho concavity af the bucket, 
is constrained by it and Uho rotation of the whol, to move in a particular 
path; this, in its inrn, constrains the next Iwminag to move in a atmiha path; 
and so on, 

By an inspection of figmre 2, plato VI, ib ix veusonalle to suppose, “that i 
lamina, far removed from tho conoavily of the bucket, will tnko a path differing 
from that of a lamina near it; tho abruptnesa in tho ourve nen its oxtrunity, 
will be diminished, somewhat in proportion to the distance of tho Jumina trom 
the concavity of the bucket, the water passing out from the wheel amory 
nearly in tho direction in which it was moving, during ilk approach to the 
civeumforence of the whocl, Theso views go fir to explain the dixeropmnny 
between tho path determined by tho hypothesis, and the direction assumed hy 
the vane, 

88. Whatover objoction may bo mado to tho mothod hy which the path, 
given in figure 2, plato VI, is obtained, it cannot be doniod thal its general 
course must have boen noarly as reprosentod; this boing admitted, i ja dificult 
to seo how centrifugal foreo can operate in the imporlant momner that is come 

, monly assigned to it, ‘The path is concave to tho axis only in a very slight 
degree, and through a part only of its course; nevertheless, ik ig ouly in con 
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xoquenco of a concavity in the path, that contrifugal force can have any exist 
ence, With the gato only partially raised, this foree may acl powerfully in 
inereasing the discharge, and a similar offecth may be produecd, at high volocities, 
with the gate fully raised; but in experiment 80, giving the maximum coefficient 
of effect, it can have had only a slight action, 


dh 
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80...Iv making the designs for. tho Tromont, and other Gurbines, the mutha 
has been guided by tho following. rules, which ‘he hax heen Ted to by vom 
parison of several turbines designed by, Me Boyden, which have buen eurelully 
. tested and found to operate well, 

“Rule Ist. ‘Tho sum of the shortest: distances between tho buckets, should be 
o equal to ‘the diemetor of the wheul, 

Rule 2d. ‘Tho height of tho orifices ab the oiroumforeneo of the wheel, should 
be equal to. one tenth of the dimmeter of the wheel. 

Rule 34. ‘The width of the crowns should bo four tines tho shortost dim 
tance between the: buckets, 

Rile 4th. The sum of tho shortest ‘distances between the curved: guides, tiken 
near’ the’ wheel, should be. oqual to the interior diameter of the wheel. 

The turbines, from a comparison of which the above ruler were derived, 
varied in. diameter ‘from twenty-oight inchos to neatly one mired inolies, and 
operated on falls from thirty feck to: thirtoen fect. The author believes that 
they. may be safely followed. for all ‘fills between five foot aid forty foot, and 
“dor all diameters not less than two feot, and, with judicious arrangementa in uther 
respects, atid’ careful workmariship, o useful effect of soventy-live per cent. of tha 
power expended, may be rélicd ‘upon... For falls greater than forty feet, the 
second’ rule” should’ bo modified, by making tho height of the orificos smaller in 
proportion to the’ diaineter of the: wheel, ; 

“90. Takiiig the foregoing rules as a basis; womay, by aid of the experi 
ments. on’ tho Pinon Turbine, caine the ee formulea, 

Tet D =the diameter of the wheel ab the out extremities of the buckets, 

‘d= the diameter of the wheel, at the interlor extremities of tho buckets, 

. A= the height of tho orifices of discharge, at tho outer oxtremitios of 
the buckets. 

We==the width of the crowns oceupied hy the: buckets, 
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N= the number of puekets, 

“n== the number of guides. 

P == tho lorse-power of the turbine; a horse-power being 560 pounds 
avoir, raised one foot per second, 


== the fall acting upon tho wheel. .. d : i 
Q== the quantity of water expended by the tinbing, 3 in cubic fect’ por 
socond, : 


Vex tho velocity igs the fall acting upon the: wheel. 
PV’ == the velocity of the water passing the narrowest sections of tho wheel. 
y== the volocity of the interior circumference of tho wheel : ‘all. the veloci- 
; ties being in fuck per second, a ; 
O== the coefficient of V, or the. ratio -of the real velocity of the -water 
passing the nartowest sections of the wheel, to the theoretical 
velocity due tho full acting upon the: wheel, 


The unit of length ix the English foot. 

Tt is assumod that the useful eflect is, soventy-five per cent. of the total. ; 
powor of tho water exponded. 

According to rulo 1, wo have the sim of tho widths of the orifices of dis 
charge, equal to D, Then the ‘swn of tho arcag.of all the orifices of discharge, 
jy equal to DIZ i 

By the fundamental law of hydraulics wo have 


i Vex VOgh. : 
therefore ; ig BA ai 
, . Vx OY2gh. 


We cau find the value of @ in the last equation by experiment 30, on the 
Tremont Turbine, In that whool wo. have for the sum of the widths of the, 
orifleas of dikuhargo, 44x 0.18757 == 8.25808 fect, and the height of tho orifices of 
divchayge == 0.0814 foot Thon we have, for the sum of the axeas of all: tha. ort 
feed of discharge, ; if 


ID = 8, 25808 X 0.9814 == 1. 68602" square fect, 


* 


By experiment 80, wo ) havo 


Qs 188, 1892 cubic feet per si oye 
dagen is ok Soa SE 
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consequently, 
138,)909 == 7.08692 x 8.0202 V12.808 O, 
or O== 0.084. 


By rule 2, wo have W==010D: 


then J.D = 0.10 24, 
and Q=2 UDV' == 0.107 OV 2y4, 
or Oz 0.5 DtVA. 
Calling the weight of a cubic foot of water 62,83 pounds avoir, we have 
PTE X ONG 


oo 850 


or P == 0.085 Qh; 
ov, substituting tho value of @Q just fond, 


P =z 0.0425 Dh Vd, 
from which we may doduce _ 


Dx 4.85)? 
Avh 
92. The number of buckets is, to e certain extant, whilrary, and world wally 
be dotermincd by practical considerations: some of tho ideas to ho kept in mind 
ave dhe following. e 
Tho pressure on cach bucket is loss, ad the number ia grenters tha greater 
number will therefore pormil of the uso of tho thinner iron, whieh ix important, 
in order to obtain the best results, ‘Cho width of the erowna will be Jesse for 
a greater number of buckcls: a narrow crown appenta Lo bo fivoralile ta the 
useful effect, when the gate is only partinlly roixed. As the apneer belwoon the 
buckets’ inust be proporiionally narrowor for a largor number of buekota, the 
liability +0 become choked up, cither with nndhor ico, of othar rubslances, is 
increased. ‘The amount of power lost by the fiction of tho water ngaiuet the 
surfaces of the buckets, will not be materially changed, as the total amannt of 
rubbing surfnee on the buckots, will be noarly constant for tho samo dinmoter: 
there will be a little less on tho crown, for tho larger numbor, ‘The coal of 
the wheel will probably increase with tho numbor of buckola The thicknosa 
* and quality of tho iron, or othor motal intended to be used for tho buckets, 
will sometimes be an element, Jn somo waters, wrought ivon ia rapidly corraded. 


a 
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Tho author is of opinion that a general rulo cannot be given for the nmn- 
her of buckets; among the numerous tarbines working sntisfactorily in Lowell, 
there are examples in which the shortest distance between tho buckois is as 
small as 0.75 inches, and in othors as large as 2.75 inchos, 

As a guide in practice, to be controlled by particular circumstances, the fol- 
lowing is proposed; 10 be limited 10 diameters of not less than two fect; 


N=38(D-+10). 


Taking the nearest whole number for tho valuo of 

The Tromont Turbine is 8} feet in diameter, and, according to the proposed 
rule, should havo fifty-five buckets, instead of forty-four. With fifty-five buckets, 
the crowns should have o width of 7.2 inches, instead of 9 inches; with tho 
nuvrower width, it is probablo that the useful offecl, in proportion to the power 
oxponded, would havo been a little greater whon the gate was partially raised, 

92. By tho 8d rule, wo have for tho width of the crowns, 


meee § 
= 3 


NV 
and for the interior diamoter of tho wheel ' 
—_ 9.8) 
d= D ir 


By the 4th rule, d is also equal to the sum of the shortest distances between 
tho guides, where the water loaves them. 

93, Tho number 2, of the guides, is, to a corlain extent, arbitrary; “the 
~ptactico ab Lowell has been, usually, to havo from « half to throe fourths of 
the number of tho buckets; exnotly half would probably bo objectionable, as it 


* would tend lo produce pulsations, or vibrations, 


M4, ‘Lhe proper velocity to be given to the wheel, is an important consi. 
eration Experiment 80, on the Tremont Turbine, gives tho maximum coefficient 
of effet for that whol; in that oxporiment tho velocity of the interior cireum- 
ferences of tho wheel, is 0.62645 of the volocity duo to the full acting upon the 
wheel, By rofvronce to the other experiments with the gato fully raisod, it will 
ho seen, howevor, that the cooficiont of cffect varies only about two por cent. 
from the maximum, for any velocity of the intorior circumference, between fifty 
per cent, and seventy per cent. of that due to the fall acling upon the wheel. 
By releronce to the experiments in which the gate is only partially raised, it 
will be seen that the maximum corresponds to slower velocitics; and as turbines, 


4 
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to admit of being regulated in velocity for variable work, must, wliseah necemmrily, 
be used with a gato nob fully raised, it would appenr proper fo give (hen a 
velocity such, that they will give a good efleel under thoso clrauslatices 

With this viow, iho following is oxtvacled from tho exporimenta in tale TL, 


Ratla iS tla watatty Aa ithe Aden a 
nferenes of he wheel, lo tie velocity 
Number of tha | Melght of the rogulnt- finn th fil ‘ting Thon tne ashen, wor 








oxpotumont Ang guto, In Inchos, roxpondtng to the nutdanan gooitleient 
of oftuot 
80 ta |S 
62 B55 . C508 UL 
5.05 OGG205 
QN7E OdIIO 


By this table it would appear, that, as turbines ara generally used, w velocity 
of the interior circumference of the wheel, of about Mty-six por cont of that duo 
to the fall acting upon the wheel, would bo most suitable, By referenea to the 
diagram ab plate VT, it will bo scen that, at thir velooity when the gato ix fully 
raised, tho cocficiont of effect will bo within loss than ono per cent. af tho 
maximum, . -3 

Other considorations, however, must usually be inken into recom, In deter 
mining the velocity; the most frequont is tho variation of the fidl under which 
the wheol is intended to oporate. Tf, for instance, ib was required to oatabliah av 
turbine of a givon power, on a fall linkle to bo diminished fo one half by 
backwater, and, that Une turbine should he of a enpacity to give the requinite 
power at all times; in this case, the dimensions of the turbine must be deter 
mined for tho smallest fall; but if it has assignod to it a volocity, to give the 
meximum offech at tho smallest full, it will ovidontly move too xlow for the 
greatest full; and this is tho moro objoctionablo, as, usually, when the fil ix 
groatest, the quantity of water is tho least, and it is of tho most huportance to 
obtain a good offect. It would thon be wsually, tho beat aringomont, to give 
the wheel a velocity corresponding, to the maximum coeflsient of aleel, when 
tho full is the greatest, To assign this velocity, wo must frat find tho propor 
tional height of gato, when tho {nll is groatost; this may bo determined approxt- 
mately by aid of tho oxporimonta on the Tromont Turbine, 

We have scen that P = 0,085 QA. . 

Now, if 4 is incroased to 24, the volocity, and, consequently, the quantity af 
water discharged, will be increased in the proportion of ¥% to ¥2h; that is to 
sny, the quantity for the fall 24, will bo V2 @Q, 
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Culling P’ the tolal power of the turbine on the double fall, we have 


2” = 0.085 f2Q 22, 
or P’ == 0.085 x 2.8284 Qh. 


Thus, the tofal power of the turbine is imercased 2.8284 times, by doubling 
the fall; on the double full, therefore, in order to presorve the eflective power 
uniform, the regulating gate must be shut down to a point that will give only 
sada, parl of the total power of tho turbine, 

In experiment 16, the fll acting upon tho wheol was 12.888 fect, and tho 
total useful effect of tho turbine was 856258 pounds raised one foot por accond 
aedwe part of this is 802734 Ibs; conscquontly, the same opening of gato that 
would givo this last power, on a fall of 12.888 foct, would givo a powor of 
85025,38 Ibs. raised ono foot por second, on a fall of 2 12,888 feot == 26.776 
fool. ‘To find this opening of gate, wo must have recourse 10 some of the 
other oxperiments, 

In oxporimont 78, the loll was 18.810 feot, tho height of gato 6.65 inchos, and 
the woful effect 58830.1 pounds. In experiment 88, the fall was 18.485 foct, tho 
height of gato 2.875 inches, and tho twoful offecl, 27810.9 pounds, Reducing both 
theso useful offects to what thoy would havo beon, if the full was 12.888 feet, — 


j 

the useful offoct in oxperiment 78, §8880.1 (Bane == §0054.5, 
3 
‘ bi 

« « « 98, aratoo TE?) = 26000.1, 


By comparison of theso useful offecis with the corresponding hoighta of 
gato, wo find, by simple proportion of the differences, that a useful efleot of 
80278. pounds raisod ona foot high por sccond, would bo given when the 
height of (he regulating gato was $206 inches, 

By another modo:— 


as 2600.1 : 2.876 :: BO27A + 2875 x SHAM == 9.802 inchos, 


a little consideration will show, that the first modo must givo too little, and tho 
recond, too much; teking a mean of the two resulls, wo have for the height 
of tho gate, giving yx}gz of the total powor of the turbine, 3.344 inches, 
Referring lo table IL, wo soo that, with this height of gato, in order to obtain - 
the best coeficient of uscful effect, the velocity of tho interior circumforence of 


> 
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the wheel, should be about ona half of tat due to the fill neting upon the 
wheel; and by comparison of experimonte 7f and BA, it will be xeon thal, with 
this height of gate, and with this vulocity, the cooficiont of useful ellvel musk 
be near 0.50. 

This oxample shows, in a strong light, the wellknown defect of the darbine, 
vin, giving a diminishod coafficient of usaful efeat, at limes when it ix important 
to obtain the best results, One remedy for thiv deluct woukl be, to have a 
spare turbine, to bo used when the fall is grently diminished 5 this arrange 
ment would pormit tho principal turbine lo ho meade newly of the dimensions 
required for the gventest fall As ab othor heiglia af tha water, economy af 
water ig usually of less imporlance, the spare tubing might generally be af a 
cheaper construction, 

95. Zo lay out the owve of the buukels, tho author makes wie of tha followiag 
method. 

Referring 10 plato IIL, figure J, tho mumbor of buolats, Vy having heen dete 
mined by the preceding rules, sel off the are ginal 

Let w=gh, tho shortost distance botwooen the huekets; 

t== the thickness of the motal forming tho buckets, 


Make the arc gk= 6a, Draw tho roading (4, intorsceling (he interior air 
cumferenco of the wheel at 7; the point 2 will bo tho inner extremity of the 
bucket, Draw the divectrix Zm tangent lo the inner civeumfovence af the wheel. 
Draw the ara on, with the radius @-- 2, from tae m contyo; (he other diveetis, 
gp, must ho fomd by trial, the required conditions belng, that, when the line 
mz is revolved round to the position gi, tho point m boing constantly on tho 
divectrix gp, and another, point at the distmnoo mg=s=rs, from tho oxtromity of 
the line describing the buckot, being constantly on tho directrix mJ tho eurve 
desoribed shall just touch the aro 70, A convenient Hino for a first approxint- 
tion, may be drown by meking the anglo Ogp== 11° After dotermining the 
directrix according to tho preceding mothod, if the angle Ogp should bo greater 
than 12°, or Jess than 10°, tho length of the aro gh should be changed, to bring 
the anglo within these limits, 

The curve gss’s"l, described as above, is nearly tho quartor of an cllipso, 
and would bo precisely go, if the angle gmi was a right angle; the curva may 
be readily described, mechanically, with on apparatus similar to the olliptie tram. 
mel; there is, however, no difficulty in ‘dunwing it by o sorics of points, as is 
sufficiently obvious. 
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96. The trace adopted by the author, for the corresponding guides, is as 
follows. 

Tho number 2 linving been determined, divido the circle, in which the 
extremities of the guides are found, into 2 equal parts, vw, wa, etc. 

Put wm’ for the width betweon two adjoining guides, 

aud ¢ for the thickness ses iu metal forming the guides. 

We havo by rule 4, == =o 


With w as a centre, and the radius o’-+-2', draw the are ya; and with « as a 
centre, and the radius 2(o’-+-+7'), dew tho ae ao Through » draw the portion 
of a circle ve, touching tho ares yz and ad’; this will be the curve for tho 
essentiol part of the guide, The remainder of the guide, ¢’@’, should be drawn 
tangent to tho ourvo e’v; a convenient radius is ono that would causa the curve 
ed, if continued, to pass through tho centro QO This part of the guide might 
ba dispensed with, except that it affords great support to the part gy end thus 
permits the use of much thinner iron than would bo necessary, if tho guide ter 
mninated at ¢, or near it, 

97, Collecting together tho foregoing formulas for proportioning turbines, 
which, it is undorstood, aro to be limited to falls not excecding oy feel, and 
to diametors not less than two fecbs wo have 


for tho horse-power, 
P= 0.0425 DUT; 
for thy diameter, 


D = 4.86 
i 


¢ 


fur the quantity of water discharged per second, 


Q= 0.6 DVI; ‘ 


for the velovity of the intorior cireumforence of the whool, when Ure full is nob 


very variablo, 
gre 0.56 ¥ Ugh, 
or, ya MOLVA 


? 
, 


for the height of tho oriflees of discharge, 


H=0.10D; 
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for the number of buckets, 
N= 3(D-- (0); 
for the shortest disiance Letweon to adjacent buckets, 
D 


om 


‘ i 
for the width of the crown occupied hy the Duckelsy, 
4D 
Vs | He 


for the interior dixmeter of the wheel, 


d= D—"%; 


for the number of guides, 
‘ n= 0504 lo 070M; 
for tho shortest distance beeen bo adjacent guides, 


» 
ex 


wos ©, 

Table IV. has beon computed by theso formulas. 

For falls greater than forty feel, the height of tho orifices in the gireu- 
ference of the wheel, should bo diminished; the forogoing formulas muy, however, 
still be made use of; thus, supposing that fora high ful, it is detormined to make 
the orifices three fourths of that given by the formula; divide the given power, or 
quantity of water to be used, by 0.75, and we the quolionl in place of the 
truc power, or quantily, in determining the dimonsiona of the turbine; ne inad® 
fication of the dimensions will be necessary, excapt thot gy af the diameter al 
the twbine should be diminished to 44, of the dinueter, to give Ue height of 
the orifices in the circumference. 

98. It is plain, from the method by whieh tho preceding formulua lave 
been obtained, that they ennmnot be considered na cxtablished, hub should only he 
tuken as guided in practical applications, wnlil some move satlathelory avo pros 
posed, or the intricaci¢s of the turbine have been more fully wirsvellel, ‘The 
turbine has been an ahjoct of doop intorest to many learned mathenmicinas, 
but, up to this lime, the results of their investigations, so fir an they have buen 
published, have afforded but little aid 40 Tlydraulio Engincors, 
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TABLE IV. 


53 


Liable for Tubines of diferent Maneters, operating on diffrent falls; ussuming that the useful offect ts 
soventy-fiva per cant af’ the power orpended ; also that the velocity of the interior circunrferenca ts 
Afyysin per cunt, of the velority due the fall; und also that the height between the crowns is yy 
af the outside ameter. 


Fall 
int 
fin 


40; 
31 
a2 
au 
a 


ot) 
40 
NY 
as 
uit 
Ath 





Unateldes Martoter 2 KH fect 
India 4 It 
Numalicr of tnt te 8d 


AQunsutlty 
of wal 
Ding 
ehiarye dl 
Je cube 
Seb par 
wend 


Ninwhioe 
at 
revolts 
donn 


Ronit 
of 
Tiovage 

yower, | por 
milintte, 
AA? 
1,00; 
52) 
4,06) 
G00 


1,90 
2,40 
lb 
Cra 
Ai 


fia 
420) 
WO? 
TN 

of 


128.8 
Jail 
VA) 
Li6.0) 
1Uh 


(74 
1829 
191.0 
L088; 
2008 


G82 
6.08 
8 
721 
TAS 


bai) 

8,00) 

E71) 

8, AY 

K72 
‘ 


8) 
10,84, 
Ube 
12.08 
11.08) 


2185 
2205 
227.3 
Riad 
2108 


RAY 
017 
{e8 
ea) 
hao 


Lil 
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7d 
14,78 
U0) 


216.6) 
2527 
BiB 
201 
2701 


Q76.7 
Bald 
2804, 
2OLY) 
206,01 


10.00) 
1a 
Las, 
10.58) 
10.77 


2h2h 
2244 
Pmt 
Baal 
2604 


27,08 
21 
80.77 
52.23 
88,70 


85.20; 
86,72, 
98.26 
8.82 
At dO} 844.3 
SOL BL 


10,08) 
dla 
ULaT 
TL 
11.66 


11.83 
12.00) 
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12,33 
1240 
12.65 
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AUG? 
8216 


520.2 
380,8) 
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Outslde diametu 4000 fot 
Tisido Sug 


Outalde diameter 6 000 {Lob 
Inelte dll « 








Niumbor of broke ts U0 Number of buckets J, Nuliy of lacke ts 45, 
Hee Nunher twat? Nunslor beeen Naumloe 
wre | Nmuhor} of Wee) Numbor q he Number | of 
clingy fot re velus | chang UP of Loree | revolts f changed | of horace | revaliue 
Ineullo| horses } tlm jin eeble] power Yons | in cuble | pone tloux 
Tat per } own, qe fp Teche x fut pet per 
wecont, intnute. | secon mfnuite | necomid, antnute 
10.00) 4.28) 804) 17.88) 7.00) 50.2) 27,06) 11.88) 407 
TLOz) 6.02) 88.1) 19.60) 999) 64.0) 80.62) 15.01] S41 
HLQH 7,08] O52) 21.07) 12.59) 70.1] 83,07| 19.68] 54.2 
12.78] 8.66) LOL7) 22.08) 1680) 74.0) 86,85) 24.04) 50,0 
18.00) (O83) LOZ9] 2Log} 1890) 79.5] 97.501 26.691 62.0 
14.28] 12.10) LULZ) Q8.s0) 2 tio) 88.8) 99,68) 88.60) 66.0 
L402) 13,05) 119.8) 20,53) 24.81] 87.9) FLAG) 88.76) 602 
L5H) L500) L206) 27.71) 2827) OLB, As8o) Adit 72.8 
LG.28] 17,98] 120.7] 2884 BLR7] 95.5) 407} 40.80] 75,2 
16,84) 20.04) 184.6) 29.08) 85.62) 99.1) 46.77) 55.06} 78.1 
17.45} 22.22) 189.8) 80.98) 89,50} 102.6) 48.41) 61.72) 80,8 
18,00) 2.18] 113,97 8200) 43,62) 106.0) 50,00) 68.00P 83.5 
18,44) 26.80) 148.3) 82.09; 47.66) 109.2] 51.54) 7447) 86,0 
TM00} 2U21) 152.6) 8804] 1.98) 112d) 6808) BL Lal 885 
19.61) 81.08) 160.8) 84.87] 66.82) 115.5] G19} 87,00} 90.9 
20.12] BL21} 160.9) 85.78] GO.82) 118.5] 55.901 95.08) 98.8 
20,02) 80.81] 1648] 86,66) G54 (| L214) 67.28} 102.25) 93.0 
ZLL] B47} 168,7{ 97.52) 70.17) 124.2] 68,08} 109,64) 07,9 
21G8] 42.19) 1725) 8837[ 75,01) 127.0) 50.96) 117.20) 100.0 
22.01 A107] 176.2] 89,19] 79.95) 129.8] 61.24) 124,92) 102.2) 
22.50) 47.81) 179.8) 40,00] 85,00] 182.4] 62.40} [82.81] 101.8) 
weds! G07) (RS) Adal Gta, LAGE G7 ORG) 1064 
2HUK) GGG) L860) A657) 95.40) 187.6) 6105) 149,06) 1084 
BIB HG.G7) 100.8) 42.88) 100,75) 140.2) Oba) U57d2) 110d 
weLvul 59,73} 193.7] 48,08} 106.20) 142.6) 67.81} 165,93} 1124 
QLG5} GAG} 197.0) 48.82) T1171 S461) 6846) 17450) 114.8) 
25.05) 60.02) 200.3) 4454) 117.87) 147.5) 69.00) 188,89) 116.2 
26.46] GY.24] BONS 45.28) (28,00) 140,48) 70.71) 192,88) 118.0) 
QAM] 72.5)) 206.0) 45.06] 12R91] 162.2) 71.81) 201.42) 110.0 
96.24] 75.83] 209.7} 16.66] 184.81) 164.5] 72.89] 240.64) 121.7 
26,62] 79,20) 212.8} 47.88/ £40.80} 156.7] 73.95] 220,00) 128.4 
27,00] 82,62) 216.8) 48,00} 146,88) 158.9) 75.00) 229,50} 126.2 
27.371 86,00! 218.8! 48,66} 153.04] LOL.1/ 76.08] 280,18} 126.9 
27.74] 89,60] 221,7| 49.32] 159.29] 168.8] 77.05) 248,80} 128.6 
98.10} 98,161 294.6) 40.96] 165.62] 165.4] 78.06] 258,78) 190.3 
98,46} 96,77] 227.5] 50.00] 172.08] 167.6} 79,06) 268.70] 182.0 





eeenenemar ewer 

















Oudalto Uamoter 6.000 fet 
Tnalda HOW) 
Namlbor of buoke ta 18, 
one Number Nuniter 
dds Tiangert] ol horses F revolins 
Su cublo | power Hone 
Tub er my 
evan minuto 
40.25) 1711) BRA 
41.00) 2249 42.0 
A702) QA Adel 
HOM 81.027 185 
O400) ALY Oba 
GOM2) 48,88) Gla 
5870) 65.82) 66.1) 
G28) GEG Bad 
Gd00) 71,72) GLH 
07,85) 80.15) GLY! 
09.73) 88,88) 664 
7200) O72) 086 
74.22) 107,24) 70,7; 
7037) J1G8d) 72.8 
78.16) 226,71) 74.8) 
80,50] 186,84} 76.7; 
B20] 147,24) 78.0 
84.48] 157.88) 80,5 
RGU) 168,70) HG 
BEL) L708) BOY 
HO.007 1OL.25) 85,8 
W278) BORA) 7G 
Naa 214,65) 8h 
A525} 226,00) O08) 
OG08) Bde Pd] OR] 
98,59) 261.41; 94.0 
100,22) 204.08; 96,6 
{01,82} 276.00) 97.0, 
108.40) 200,04) 98.5 
104.96) 808,88; 100.0 
10649; 816.81] 101.5 
108,00) 880.48) 102.0 
10949) 81484) LOSE 
110,06) 858,40] 106,7]* 
LIQAL| 87204) 107.1 
L1g.84) 387,06) 1085 


















































FOR PROLORTIONING TURLINEAR, 




















Ba RULES 
TABLE DV. Conuauin 
Sete Ra OTN | | ea Hic mar art aN Palate sea Ls Wea 
Nunber of buckets OL. Wamilir of bur kyts Gf Nuunla rot hue hea it Nuehor of Late ete wih 
tu |-—— oon een np Po. eer or ” 
in 
Quanity of Numbor | Quantity of Nuater Qnanitts off Newbve} cpumuttty of the 
atau A, Tate ele ailing, Nuniiu in ns abet xed sitll thie Aa Sumbs ¢ we : 
ineube Torna thong: Sucubio hhorad+ aa Tiatile! pewer, in a mh SF ary a 
fiat por power wer feeb pu yonu AERO He ne eee Huge 
wouonl. pilintte. | Buco nie Repaid satiate ma ttt 
st gzel 2828 sel 74.h5] 8041] 28.1) 90.60) BALL, ZEA low 
6] go.o} 80.61} 95.6) 78.88) 39,07] BOK 9.20 at oe ae? th rine 
7| gba] 98.57] 98d) 84.07) 60.87] BH LOZ G20) Be fas Ley a 
a) cogo; aia ata} gos} ous} ame) linea, a7aol anal Tuk ae 
5] 73,50| 5628| sao 9600; 7s] 87x) Lzi.co] 92.95] aa] aanloo] LTA he 
10! 747} 66.86, 46.0} 101,19] 80.02] 89.8) 128.0 i ; 
il 8i.2c} 75.071 48.2 LoG1| 99.28] 417 int iy Bue ieean| daael ihe 
Hl scar! 8607; o0.3) 110.85} 11807} do) 140.00) Laxcto] Baal T7hal| den? Ho 
is} gai] 97.01; 621 Use| 127d] 46a] 14q0a] Torta! a0) 180,38 ee Meee 
1 aeoal bad| divza| lazay) antl 1019] aaa} 4b] Brom havnt Ano 
15} 94.80 120,98 50.8} 198,94] 15802) 48.7} InGR6} 199,00) 4: F 
1¢} 98,00} 19898} &81| 128.00] 174.08] 0.8 rit miatal td nit rule ee 
17 roro2| 145.07| 59.0, 191.04] 190.05] SLO} 16q901 vineel an7] ponte sieoalcanee 
iz] donsi! sooo! 17} 198-76) 207.72) ball i7LAs| gdano] 470 xt Ma CAR a 
Jo] 10s79| 17247] 69s| toode| a20a7| G10] L7oss| aaool ans! ural asiosl itl 
5 ‘ DE At, 
20) 109.57] 186,26} 65.0] 149.11} 249,281 54,9 mou 4 
30] 00st! Stoll G88 Ladee ancrel 87a] lama ances! GoM gata) sandal ate 
92} 114.91} 214.80] 982} 150.00 2K0.07] 59.0} Laniel Bns.2d f20 Ee map ee ea 
51 aazsol aan7i| o7| iesd7| 800.05 Go| ocatl arora oat gauyat dare, aot 
bil 1gnos} 24485) 713] 16677 B108l| OL.7] I9edi} 047d Dual puieol apyol ac 
' hy lL. AND. ri 
25} 192.80] 260.81} 79.7) 160,00} 840.00] oa} a! 
6 1298) 27600] 74a| 16sl7| Bu0.60 613 sna aa ot Sica eke 
97| 197.80} 292.17| 75.5 166.28) BB1.61| Gs} Bods] 4B297| 67, atk: ieee eet 
98| 129.64 808.55] 76.9| 169.38] 403.001 66.6] 214.811 510.05 Bn an ee 
29| 11.98| B29] real 17959) d2d7s| oval iaod| sazo1| Baz zoned Wire as 
80} 19410] 942.49} 79.0} 175,971 440, P 16 
BL} 18641] 859.44} 80.9) 178.17 lavt7 70 200 ata Ta a ecko 
32] 198.501 876971 s2al teloa dozar] uel deno] wile Gat] cereal sug hel 
35| id0vrd| 80478} 88.5] 8889) BIs6s| Ta gaNeo aavnMl Gaal SorRa GOMAGL bow 
ad| 149.86) 412.80] 847] 180.60 580.04) 7a) gu0ae) uszdel Ghol guLsel irl ant 
5 5 18) Gel 85) BdBST] 7 
85] 144.94] 431.21] 86.0! 189, { 
36/ 147.00] 440.sa] 873] 193.001 ser'sa] 70°r Ug eieal: tal ae deen 
B7| 140.08] 468.00] eB) 104.00] Gigt7| 700 Racss frtys] ard cory ee MI 
By} 14003] Abs.cy) B84 24.0] Gla.17] 76.0, BiG.) 774.77) Oral BOLL} ont] ting 
Bo} 10800) Go70) 908 190.84 B6nd7| 786) 90303 Buatal tea peer ee ea 
‘ E 6.83) 91.9] 202.80) 6 ial 870801 70. 2h} IO 01k 
88.12} 70.o} 250.18) 870.89] 70.1 Bléza| 1078.17] ay.0) 
aces ome ae pac 








Ah 


EXPERIMENTS ON A MODEL OF A CENTRE-VENT WATER-WILERL, WITIL 
STRAIGUL BUCKETS. 


09. Tine author was led to this design by tho considoration of the path of 
the water in passing through the wheel, according to the hypothosis in art. 88. 
Jb is a wheel well suited for low falls, in which the water, over ihe wheel, may 
stand at ila natural height, without roquiring a vertical shaft of great length. 
lis simplicity and cheapness, combined with ils other good qualities ns a hydraulic 
motor, must recommend it for many such situations 

100. Plato VIL, figure 1, is a general plan, and figure 2, a vertical section 
of tho apparatus 

Tiguyo 8 is a vortieal section through the apertures in the guides and whool; 
the guides and buckola are omitted to avoid confusion in the figure. 

Figure 4 is a horizontal section of part of the guides and buckels, showing, 
uso, the path of tho water in oxperiment 8, according 1o the hypothesis in art, 838. 

A ix the wheel; tho -exterior diamoter is 224 inches; tho interior diametor 
ix [04,inches; the height hotwoen the crowns, ov 7? G figuro 8, is 21% inches; 
ib enmies thirty-six buelcets, 7%, figure 4, of steel, about yy of an inch in thick- 
ryan, fistonad to the wheel by meana of the wooden cushions 7, figure 8; the 
upper cushions aro screwed lo the disc D, and tho Jower ones to the crown G. ‘Tho 
(ins ix of onat-ivon, § inch thick, with a suitable hub by which it is connected 
with tho vortienl shaft, 

JU wre guides of cast-ivon, which direct tho water into tho wheol, and also 
aupport the plato 4% which protects the wheel from pressure on ils upper surfaco; 
tho contraction of the slreams onloring Lhe apertures betweon the guides, is dimin- 
ished by the ourved wooden garniture A} there are twonty-four guides, Tho moan 
shortest distance botweon the buckels at a2, figuro 4, is 0.0880 fect; the mean 
shortesl distance batween Lhe guides od, figure 4, is 0.0487 foot; and the height 
of both is 2}% inchos==0.2344 fecb; wo havo, therefore, for the sum of tho 
avons of the smallest sections between the guides, 


0.0487 >< 0.2344 x 24 == 0.24584 square fect. 
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Similarly, the sum of the areas of the smallest xectioay between tle fhuelkets i 
0.0830 X 0.93-44 X 86 == 0.28006 aAcuara foot, 


The weter is admitted into tho forebay 2%, by the pipes ALAY; the diaphragm 
W is to diminish the agitation of tho walter. 

101. ‘he apparatus for gauging tho wolor discharged hy the wheel, eon 
sisted of the weir 0, which hud sharp edgos; the depll on the weir wus 
measured by a hook gaugo, in tho box #, which communicated, hy a smnull 
aperture, with the surrounding water; the height of the water above the wheel 
was (akon ab a gouge in the box Q; thin box was made sloping on ono sido, 
in order to permit a hotter view of the gauge. ‘Tho zeros of hoth gauges were 
at the level of the top of tho weiv; consequently, tha differeneo in the rend. 
ings of tho gauges gave ab once tho fall acting upon tho whol 

102. Tho apparatus for mensuring the power, consisted of tho Prony dynmnoney 
otor 2, attached to ihe upper parb of the vertical shaft; tho woighla wore npplied 
by means of tho bell crank S, figures 1, 2, and 6; the oscillations of tho brake 
wore diminishod by the hydraulic vegulatur 2) and the axtont of tho oscillations 
cwas limited by the stops U0. Tho spood of tho wheel was obtnined by means 
of a counter, driven by the worm F, abtached io tho lop of tho upright shotl; 
this was so arranged as to strike a bell oneo in fifty revolutions of the wheel. 
‘In order to diminish the passive resistances, tho woight, bearing upon the 
slop TY, was counterbalanced, in pari, by other weights, one of which ix represented 
ab y, figure 2; those wero attached to the brakes ab the pointe XN, hy verticnl 
cords passing over pulleys; the woighi, vesting on the step whon tho wheel was 
immersed, and the dynamoniler attached, was found 10 bo 170 pounds; the conp- 
terbalance was 160 pounds, loaving 10 pounds bearing upon* tho atep The 
entire apparatus for measuring tho power, was in equilibrium whon thore were 
no weights in the scale, 

103, In all the experiments, oxcept oxperimont 10, the brake was lubricate 
with oil; in experimont 10 wator was usod for Unis piypose ; oxporimonts 0 and 
10 wore idbntical in all other respects, It was noticod in experiment [0 that 
the whole apparatus trombled vory much; this must have consumed some power, 
which is perceptible in tho coofficionts of offect, Exporiment 9, in which oil was 
used, and in which tho trombling of tho apparatus was vory slight, gives a cootli- 
Menh of offect of 0.6922; while oxperiment 10, in which water wax used to 

_ lubricate, the brake, and in which the trembling of tho apparatus was very dis 
tinct, gave 0.6886 as the coefficient of offect, ; 
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10d, Al the apparatus was construeted with great cave and precision; the 
surfaces of the cast-iron pnites wero promd smooth; and the cast-iron dise and 
lower crown of the wheel wero tuned true, and polishod, in order {to diminish, 
as much ns possible, tho vesistanco of tho water to tho motion of tho wheel. 

105. In table V., the quantity of water discharged has been calculated by 
the formula 


Q = 3.83 (J— 0.108) ht, 


in which Q== the quantity in cubic fect per second; 7==tho length of tho 
wolr == 3,008 fect; m==tho number of ond contractions==2; A= the depth upon 
the wor, Tho weights wore obtained for the purposo from My. 0, A. Richard. 
ron, the official senor of weights and measures for the City of Lowell, The 
effective Iength of the lover of the dynamometer, was tivo feet. Tho tempera 
ture of tho walor was 634° Fahrouheit, Tomperatuve of the air at 8", 867 A. M, 
68° Fahrenheit, Tho weight of a cubic foot of water is tnken at 02,8128 pounds, 
which is deduced from lablo I. 

If in any experiment, the brake touchod, even momentarily, either of the 
alops UU, ik waa rojoctad; with tho uso, howovor, of a xogular and aufticiont 
quantity of oil to lubricate the brake, and a proporly constructed hydraulic reg 
ulator, there ia acldom any difficwliy from this cause, excopt at vary low velocitics, 
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{06, In tho. foregoing’ table, experiments 4, 5, 6, and 7, were: made: with the 
wheel still; the biwke was screwed up tight, and the. pressure of the water upon 
the buckets, was measured by woights in the scale. In oxperimonts- 4 and 7, 
the weights were sufficient to balance tho offect of the pressure of the water on 
the buckets, and also to overcome the friction of the apparatus; in other words, 
the weights wore the least that would causo the scale to preponderate over the 
uctive and possive forces, In ‘experiments 6 and 6, the weights in the scale were 
the greatest that tho pressure upon the buckets would -raiso, and overcome the 
friction of the apparatus; consequently, the force of. the water acting upon tho 
buckets, may be considered as balanced by the averago of tho weights in the 
fourth and fifth. experiments, and, also, by the avorage in the sixth and seventh 
experiments, 

To obtain the trae weiglit thet would balance the prosiuro, wo must reduce 
tho weights in the difleront experiments to what they would have been, if: the 
fill neting upon the whool had been: constant, 

The lollowing table shows tho weights reduced: to a uniform fall of -2.6 at 
obtained by simple proportion; thus, in. the fourth experiment, 


2.6160: 26.76 +: 2.600 + 25,686, 


The quontitios discharged aro also given for a uniform fall of 2.5 foot, 
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Tho mean reduced weight, when the weights proponderatod, is 25.4986. pouhds... 


and when tho pressure on me buekets preponderated, ... 19.5185 0, 


Diffovonee, 6 ee ~6,9800- ‘pounds. 


Half of this difference, or 2.99 pounds, may be considered: oa the measure of 
the passive resistances, or, rather, of the friction of the apparatus 
107, In expetimont 18, the. brake was entirely removed, and the ‘wheel 
allowed to run ‘without load; with the brake, the counterbalance. was necessuily 
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removed, consequently the passive rexistanco uriving from the fidetion of the rtep, 
was much greater than in the olor experiments, 2 

108. Wig. 6, plate VIE, is @ dingram representing the eaparimentas the 
* Abscissa ropresont tho ratios of the velocilick of tho exterior cireumferance of 
the wheel, to tho velocilios due to tho filly acting upon tho wheel, as given 
in column 14, of able V.; tho ordinates represent tho milioa of the usctul 
effecis to tho powers oxpended, as given in column (L5  tho potnby repronidtl 
ing experiments 12 and 13, are connected by u broken Tine, heeuma the litter 
experiment is not strictly comparable with the other, in consequenea of the 
removal of the connterbalanco, 

109. Tho following tablo contains the succowwive aleps of tho culeutition for 
the ordinates of tho path of the water in experiment §, represmited at figure of 
plate VIL; tho operations are all similar lo those explained in articles 83 anil 
119, The ordinates in column L0 avo oblainod by the formule 

Om Mant, 
in which 

O ia the ordinate, 

A’ tho corresponding value of tho radius in column 4, 

w, the angular svolooity == 800% 22 == 9.684, 


B15 
AZZ, tho corresponding volume in colin 9, 





Q”, tho mean quantity discharged by cach aperture in the wheels: 2h! 2 gauuue, 
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EXPERIMENTS ON TI POWER OF A CENTRE-VENT WATER-WILEEL, AT 
TILE BOOLT COTLON-MILLS IN LOWELL, MASSACHUSETTS. 


£10, Tins whool is one of a pair constructed from the designs of the author 
hy the Lowell Machine Shop, for the Booti Cotton-Mills, in 1849. During o 
considerablo portion of the year, the full, on which theso wheels operate, is about 
nineteen feo} with this full, and with the vogulating gatos raisod to the full 
hoight, they cach finish on effective powor of about 280 horso-power, 

A patent for the torm of fourteen years was issued, July 26, 1888, by tho 
Government of the United States of America, to Samucl B, Iowd, of Coneyva, in 
the State of Now York, for a waterwheel resombling, i somo reapects, the whools 
w the Boolt Cotlon-Mille" Under this patent, a large number of wheels havo 
been constructed, and a great many of them are now running in different parts 
of tho country; they ave Imown in somo placos as tho ZZowd wheel, in others os 
tho Uiled Slates wheel; they have uniformly been constructed in a very simplo 
axl cheap manner, in order to mect the domands of a numerous class of millors 
aud manuficturers, who must havo cheap wheels if they have any. 

LLL Bigures 8 and 4, plato TX, are a plan and vertical section of one of 
tho Ifowd wheels, constructed by the owners of the patent right for a portion 
of New England, 4, tho wooden guides by which the water is directed on to 
the buckels; 2, buckets of cast-iron, fastened to tho upper and lowor crowns 
of the wheel, by bolls; the upper crown is connceled with the vertioal shalt 4, 
hy the ams GD, tho regulating gate, placed oudside of the guides; Uhix is made 
of woot; the apparatus by which it is movod is not veprosented; it is a simple 
mrungement of lovers, The upright shalt 2 runs on a slep ab the boliom. 
This wheel is usually placed in the bottom of a rectangular forebay, which, in 
high falls, may be closed ab tho lop, so as to avoid the necessity of using 
vortical shaft of great length, The poculiarly shaped projections on one side of 
(ho buckets, ib is suid, increnso the efficiency of the wheel, by diminishing the 





* A. wheel similar, In ils casential features, was proposed in Franco, in 1826, by Poneelet 
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wasto of wator; it is possible that somo auch oflect inuy be produced by then 
The author is nob aware that any exacl experiments lave been made on the 
power of theso wheels; from their form und consteuction, however, ik is pluba 
that thoy cannot bo classed among those using water with very greah economy, 
Tn the design for the Boott wheel, the aulhor has so modified the form and 
arrangement of the whole, as to produce a wheol essentially different from the 
Tlowd wheel, as abovo described, although it may, possibly, be teohnically covered 
by the patent for that wheel. 

112, Figures 1 and 2, plato VILE, aro a vertionl seolion, and wu plan of the 
Boott contre-vent wheel, showing, also, the appuralus used in the experiments, A, 
the lower ond of a pipe, about one hundred and thirty fect Jong, wid eight fect 
in diameter, by which the water iy conducted into the forchay #3 Uhis pipo is 
constructed of plate ivon, threo cighths of an inch in thickness, riveled together in 
the usuel mannor of meking steam-boilers, Tor local reasons, tha top of the fare 
bay 2 is closed, so as to provent the water from rising to ita natural level, hy 
about six or seven foct, 6, tho surfaco of tho water in tho Morvimack Itiver, 
represenidd at about ils medium height during the exporlmenta. 2), the wheel; 
2, tho guides; 7, tho vogulating gato, the apparatus for moving which, ia nob rep. 
resented; , the disc, which relioves tho wheel from tho verticul prosmure of tho 
water, and which also supports tho lower bearing of tho vertical shalt, Tho 
leather packing of the rogulating gato 7, slides againat tho oireumferenca of tho 
disc, which is turned smooth and cylindrical for that purpose, and tho diso itself 
is supporlod by moans of four brackets, lwo of which are represented uw I, 
by the columns JZ The vortical shaft A’ is of wrought iron, and it passes through 
tho stufling box Z, and is supported by the box 24 which hos a serion of recursos 
lined with habbit metal, fitted to receive w corresponding series of projections in" 
the vertical shaft, ‘The wheel, the vertical shaft, and the hevel gene tealy on 
the Tatter, have a total weight of ubout 16,200 pounds; the hewriug surfiee tn 
the box If is about 881 square inches, consequently, the weight, per aquare inch, 
of bearing surface, is about 46 pounds, 

Figures 8 and 4, plato VILL, represent tho wheel and guides an a larger 
scale, ‘Tho buckets and guides aro oqunl in nambor, thoro boing forty of each; 
the buckets are of pluto iron, $ of an inch in thioknoss; tho guides aro of the 
ato anatorial, 34 of an inch in thickness, ‘Tho following dimensions were tken 
after the parts were finished ;— 


Mean shortes) distance botweon adjacent buekels, or ab 
Bee: Ay os ee ca a Re ck ws Ga Se veces OTHE TOE 
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Mom height between the ovowns, ab the inner extremities of 

the buckets, or ed, figwwe 8 0. 6 6 eee wee 1.2800 feel, 
Mean height letween the crowns, ab the outer cxtromilics of 

tho buckots, or o/, figure 8 6. wee ee ee. 09900 8 : 
Mean shortest distance betweon the adjacont guides, or gf, 

(gare 4. se oe Oe a oe ee ee OTM & 
Mean height of the orifices betwoon the guides, or 7%, figure 8, 1.0066 « 
Diameter of tho wheol at the oulside of tho buckots, . . . . 9.888 « 
Dinmeter of the whocl at tho inside of the buckets . . . . 7.987 « 


113. Several of the poctlia foatues of this design avo covered by patonts 
ismod by the Governmont of the United States to U. A. Boyden. Tis patents 
cover the arrangement of the regulating gate, hy placing it between the guides 
and tho wheel, and having it detached from the garniture; making the height 
between the crowns of the wheol groater where tho water is discharged, than 
whore it enter; thoy also cover tho aclfadjusting apparatus on which tho box 
AL is supported, ; 

114, Returning to figures 1 and 2, plate VIIT, W is tho friction pulley of 
the dynamometor, which ix attached to tho part of tho shaft intended to receive 
the link of tho bevel gonr, for the transmission of tho power; 0, the brake of 
maple wools 2, the bell crank, and @, the hydraulic regulator; the triétion 
pulley and the brake were subsoquently used in tho oxperimonts on tho Tremont 
Thine, ia the account of which they are more particularly deseribed, (soo aris, 
37 and 38), 7’, the woir at which the wator discharged by the whool was 
gnuged; 4, 0 grating for the purpose of equalizing the flow of tho water towards 
Hie weir; 7 the gaugo box in which the depths on the weir were observed, 
Tho communication between the walor inside the box, and that surrounding’ il, 
wos maintained by means of an aperture in the bottom of the box, (which 
extended 106 feel holow the top of the weir,) and which was 412 (eet from tho 
weit, TC may ho thought, at (lust sight, that the depths on the weir wore talon 
xo new it, ax to he afllecled by the curvature in tho surfice, caused by the 
discharge over the weir, but tho experiments at the Tower Locks, (ari. 178,) 
prove, canclusively, thal when ihe’ communication between the water inside tho 
hox, and that outside of il, is maintained, by means of o pipe oponing near 
the bottom of the eannl, the depths are nol allected in any appreciable degroo, 
by the curvature in the surface. If any such effect was produced in this caso, 
it must have boon vory slight OG and VY are the gauge boxes at which tho 
heights of the water, below and shove the wheel, wore observed, in order to 
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obtain the {nll acting upon the wheel, The velocity of the wheel wat obtained 
by means of the counter 1% The appuralie for lubvienting the Trake is nut 
represented on the plate; in some of tho oxporiments, water wos weed, wl in 
others, linsced oil. 

The experiments wore made accorling to the method of euntinuonsy observa 
tions, which has beon sufiiciently described in tho account of the experiments on 
the Tremont Turbino, 

115, The exporiments on tho Booll centre-vent water-vheel, me given in 
detail in teble VI, which will be intelligible, without much finther exphmation 
than is conteincd in the respective headings of the several cole, 

116. Corum 10, Useful effect, on tho friction of the brake, ta pounds aroirdipois 
raised one foot per second. ‘The brake was connected with the vertien! ann of 
tho bell crank, by a link, which was horizontal when the brake wax in its 
normal position, When in this posilion, the length al a perpendicular, from the 
centro of tho yorlical shaft, lo the lino joining tho pointa of the brake and hell 
crank ¢o which the lik was abtachod, was 9.748 Tools tha eflvative longth 
of the vertical arm of the boll crank, was 4.6 fuel, and of tho horizontal arm 
to which tha scale was attached, 6 fect; consequontly, the effvetive longth of 
the brake was 


F axe == 10,826 foot, 


LUT. Conus 16. Quantity of water passing the wheel, in cutie Jeet por aceon, 
This quantity was gauged at tho weir, Tho length of tho weir war 19,008 feet; 
the width of the raceway on tho upstream side of tho weir, waa 17 feet; tho 
crest of tho weir was 11.14 foot nbove tho bollom of the raceway. ‘ho quantity. 
has been computed by tho formula * 


Q = 8.88 (J—O.lnh) bt, 


. 
r 


oma 


determined from tho exporiments mado, in 1862, at tho Lowor Tools, (Seo art, 
258.) In this formule 


Q= the quantity in cubic foot per second, 

d== tho length of the woir== 18,908 fat. 
ae=the numbor of ond contractions == 2, 

4== the dopth on the weir, givon in column 14, 
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In experiments Nos. 8, 16, 26, and 89, the brake was removed. 
Tn oxperiment No, 87, the woight preponderated, In No. 88, the wheel preponderated (art. 77.) 
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118. Tho vesults of the oxporimonty in table VI, avo reprosonted by a xy 
tom of cobrdinates at figure £, plato TX.;— the relative velocities, given in column 
20, ave takon for the abscissas, and the corresponding ratios of the wwefal efloate 
to the powers expended, givon in column 17, are taken for the ordinates, ho 
numbers on the figure rofor to tho oxporimenta in tablo Vi, which the sovoral 
points represont;—— thé points nol numbered roprosent somo oxporimonts not 
reported, in consoquence of an imporfoction in tho gange of tho quantity of 
water discharged, owing to a defective atrangoment of Uno grating, ‘Lhoso exports 
ments have boon corrected by & comprrison with those tut are reported; nol 
withstanding this correction, howoyer, they oughl not to bo convidered as of 
equal value with thoso reported in tablo VI. In the figure, the pointa repre. 
senting the latter experiments, aro connected by full lines; the points reproxonting 
the experiments considered imporfect, aro connected by broken lines. ‘Lhe line 
AB represents the experiments reported, that wore made with tho regulating gatu 
fully raised; the line CD, the oxporiments with tho goto srvised threo qtrterx 
of ils full height; 2/7, tho experiments with the gato rateed oa half, and fd, 

‘ tho ¢xporimonts with the gate raisod one quarlor of ila full height, It will he 
seen that the maximum coalllciont of affocl, with tha gato fully raisad, is given, 
"when the outside of the wheel is moving with a velocity equal to about sixty. 
déven pot cent. of that due to the fall noting upon the whoel, at which volovity, 
the useful offect is vory nonrly cighty per cont. of the total powor of tho water. 
The coefficient of offect diminishos rapidly on tho rogulating gato is lowored, and 
the maximum is also found at a slowor spood; thus, whon tho gato ia ralaod 
three inches, or one quartor of its full height, the maximwn ocoofficiont of efeat 
is thirty-eight por cont, of tho powor oxponded; which ja givon when the outside 
of tho whesl is moving with a velocity about one half of that duo to the full; 
acting upon the wheel, 

119. ABCD, figwe 2, plato IX, yvoprosonts the path of tho water aa it 
passed though ono of tho apertures of tho whool, in exporiment 80, uccording to 
the hypothesis in art, 83; tho stops in tho caloulation for which, are given in 
lablo VIL. In the formula 


twdlr, 


alae 
we have for this case, 
O== the ordinate measured on tho ave of a circlo the radius of which ix 2’; 


‘ its soveral valuos avo given in column 10, 
R= the distance from the contre of the wheel for which the ordinate is 
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computed ;—its soveral values are given in inches, in column 1;—to 
compute the valuo of O in fect, 2’ must be taken in Loot. 

== the angwar velocity. In experiment 80, the velocity of the ‘outside of 
the wheel was 19,711 fect per second, and the radius of the out 
side of tho wheel is 4.669 fect, consequently, 

oe BT = 422117, 
Aif= the volumo of that part of the space between two adjacent buckets, 
included between the outside of the wheel and the radius Ry —its 

several valuos are given in column 9, 

Q’ = the quantity of water discharged, per socond, by each orifice in the wheel, 
In experiment 80, we have, by table VI, the total quantity dis. 
charged == 112.996 cubic fcol por socond, and og there aro forly 
orifices, wo have 

: Qt HAPS = 2.8240, 


4 ¢ 


In figure 2, plato IX, the buckets and guides are drawn to o scalo one 
fourth the {wl size;— the radius of the are AB == R= 56.028 inches, To find 
tho limit of the stream on the side BC the ares JZ, KT, oto, WC, ato drawn: 
with the radii 65 inches, 64 inches, ete, 47,922 inches;— the arcs WI, GH, ote, 
OG, being taken from column 10, equal to 0.415 feet, 0.796 fect, cte, 2.748 Loot; 
the points 2B, 7, 1, ete, € boing connected by suitable lines, determine the limit of 
tho stream on that side. The limit of the stream on the other side is found by 
muking the ares Fis LI; TM= OK, cic, CD =="0N;—the points A, L, MU, ate, 

oe boing connected by suitable lincs, determiffe the limit of the stream on that sido. 
a By an oxamination of figure 2, it will bo seen, that the acction of the stream 
just after it has entered the whecl, is sensibly greater than the section of the 
siream as it loaves the guides, and that, consequently, if the stroam flowed 
according {o tho hypothosis, there mast havo been a suddon chango in tho 
velocity of tho walor, causing a shock, which, according to the common theory, 
implica « loss of power, This indicates a defect in the design; novertheless, the 
success attonding this first essay, on a largo scale, of a centro-vent waterwheel, in 
which due yvogard has been paid to accurnoy of construction and perfection of 
workmanship, guided by such light as the present imperfect thoorios can afford, 
ought to encourage us to hope, that, when it has reovived the same dogree of 
attention as tho turbine, it will not be much behind, that celebrated motor, in + 


its economical use of water, 
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EXPURIMENTS ON THE FLOW OF WATER OVER WEIRS, AND IN 
SHORT. RECTANGULAR CANALS. . 


EXPERIMENTS ON THE FLOW. OF WATER OVER WEIRS. 


120.) ‘Tre Jawa governing the flow. of water over weirs, havo xecelved the . 


attention. of several distinguishod engincers and men of science, among whom. may 


ho named Smeaton and Brindloy in England; Du Buat, Navier, D’Aubuisson, 
Castel, Poncelet, Lesbros, and’ Boileau, in. Franco; and Eytelwein and -Woisbach in 
Germany, A. proat number of experiments have been made and recorded; the 
eulior ones rude and imperfect; the Inter’ ones, particularly those by- Poncelet, 
Teshyos, and Boileau, with a perfection of apparatus previously unknown. 

There has been in this’ branch of hydraulics, as well as in others, a steady 
advanced with tho accumulation.of oxperiments and the improvement of the means 


af observation ;. the result, however, of these numerous: labors, is. for. from satisthe-. 


tory to tho practical engincer, Ona careful review ‘of. all. that has ‘boen done, 
he finds that tho rules given for his use, are founded on the single natural law 
governing the . velocity of ‘fluids, known’ as the: theorem . of “Torricelli; omit 
ting, in. consequence, of the extreme: complexity of the subject, all consideration 


of many other circumstances, which, it is well known, materially affect tho. flow of: - 


water through. orifices. . He finda also that it has been attempted to corvect..the 
theorotionl expression thus found, by coefficients obtained by comparing tho results 
iderived from it, with. those. furnished by oxporiment; but when he'.comes to 


‘investigate these, experiments, even after rejecting all excepting ‘those. made . with 


the groatest. care, and with apparatus capable: of ‘insuring the greatest. “precision, 
he finds auch discordances ‘in ‘tho. resulting coefficients, that he loses all hope of 


Juriving at correct results when he applies them on the great scale. They. will 
undoubtedly furnish sufliciontly accurite results, if the apparatus used is a repro: ., 
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(uetion, both in form and dimension, of that used in the oxperhuents; bub this 
is seldom atlainable, the oxperimonts having been made on auch @ ntinule nal, 
Boileau, in discussing tho various formulas that have been proposed, points ont 
many of their defects, and has himsolf proposed a now one, coupled, however, 
with some special conditions in tho form of tho weir, and tho modo of talking 
the depth upon tho sill, 

No correct formula for tho dischargo of water ovor weirs, founded upon natue 
ral laws, and including tho socondary oflects of theso Jaws, being known, wo muet 
rely entirely upon oxperiments, taking duc cara in tho application of any formula 
deduced from thonco, not to depart too far from tho limits of the oxporiments on 
which it is founded, 

Engineers have gonerally agreed that tho most convenient form of weir for 
gauging streams of water, is one which is cub in o vertical plana side of w& rerun 
voir, the sill being horizontal, tho sides vorticnl, nnd the contraction complete. — In 
order that the contraction may bo complolo, tho sill and sides of tho woir mul 
be so fir vomoved from tho bottom and Intoral sidos of tho resorvoiy, that thoy 
may produce no more effect upon the discharge, than if they wore removes o 
distance indofinitely groat; also, the aporlure mual bo effectively tho samo, as it 
cut in plate having no sensible thickness. ‘Tho condition relating to tho din 
tance of the bottom and sides of ‘the reservoir, can acldom bo alriutly compliad 
with, whon gauging Inrgo stronams of water; it iy found, however, thal, when the 
sill is at a height abovo tho botlom of the reservoir nol less than Lwice the 
height of the wator above tho sill, and the sides are romoverl a distance at lost 
oqual to the height above tho aill, a correction free from serious arror oan “usually 
bo medo for the oflect of tho velocity of tho water approaching tho woin The 
condition that the aperturo shall be offectivoly tho samo as if ont in a plute 
having no sensible thicknoss, is usually moro casily complicd with, ‘Tha ofvet of 
the contraction is such, that the water has a alrong tondency to leave the bollamn 
and sides of the aperture for a certain distance, and ¢o toush tho nporture only 
at the upstteam edge; if, howovor, the thicknosa of the plank or other matoriul, 
exceeds a cortait amount, (depending upon the ‘dopth flowing over,) the water 
will follow the top of tho plank; in this cago, all that is requisite ig, to ant 
away the downstream aide of the weir at an anglo of, say, foriy-flvo or sixty 
dogrecs with the horizontal; loaving horizontal, only a small part of the thick 








* Jaugaage des cours @eau « Juille ow a moyenne sootion by M. P. Boiler (Paria: 1850); or Journal 
de U Boole Polytechnique, No, xxxiti. 
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ness of tho sill, It is essential, however, that the comers of the sill and sides 
of the weir presonied 10 tho stream, should be full and sharp, and not rounded 
or bevelled in any degree, 

121. Two modes presert thomselves for studying, experimentally, the laws 
governing tho discharge of water over weirs Jrs/, that which has been uni- 
formly adopted heretofore, namely, to obtain by direct meastirement the quantity 
of wator discharged in a givon time, through an aperture of known dimensions; 
this is ovidontly the only mode of resolving the question completely. ‘To per- 
form ihe cxperimonts, howover, upon a scale of magnitude corresponding to the 
ordinary practical applications, usually requires an apparatus of great cost, and such 
as id beyond the roach of most experimenters. Tho great diffoulty is, to obtain 
a suitable basin, in which to make the direct measurement of the quantity dis- 
charged by tho weir 

Tho second mode dispenses with a direct meoasuroment of tho quantity. If 
we havo io weirs of tho samo form, but of different lengths, and wo know that 
tho quantilics of water discharged by thom, in cortain ciroumstances, ate oqual s 
Knowing algo the dopth upon the sill of cach weir, we have tho data for an 
equation by which ono unknown quantity may be determined. Noither the 
cocfficiont of contraction, nor tho absolute dischargo can, however, be obtained 
by auch an oquation, 

122, Tho discharge ovor woirs is commonly assumed to vary as the square 
rool of the third powor of tho depth; lot us suppose it 10 be unknown, and 
oqual lo a 

Suppose also Z tho Iongth, and & tho dopth, on ono of tho woira; and ?’ and 
W tho corresponding dimensions for tho other weir; @ a constant coofliciett; 4 
the quantity which, by hypothesis, is the samo for both weirs, Assuming,’ adeord- 
ing to tho common formula, that tho quantity ia proportional to tho length of 
the weir, we have 

Q== Cih'; 
Q== CUM; 


consoquently, 
Olt == OV"; 


hye _ 0 
(@) =7 
taking tho logarithms, we have 


a (Log. 4—~ Log, i’) == Log. 2’ ~ Log. 7; 
10 
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therefore, ear 
og. Ting. 


= Log hm Log A 


Wo can thus, by means of two exporiments, determina the powor of tho 
depth which will lend to identionl quantitios in tho computed discharge of the 
two weirs, ‘ 

123, It is assumed in the above equations, thal the quantity discharged by 
a woir is divectly proportioned to its leugth; this, in weirs having completo cou 
traction, is, however, known nol to be truc, in consequenee of the contraction 
which tokes placo at {ho onda of tho weir, ‘Chis contyagtion diminishes tho dis. 
charge. When the woir is of considerable Iongth in proportion to tha depth of 
the water flowing over, this diminution is evidontly a constant quantity, whatever 
may be the length, provided the depth is tho same; wo amy, thorefore, assume 
that the end contraction effectively diminishos the length of such weir, hy a 
quantity depending only upon the depth upon tho weir, Tt is ovidont that the 
amount of this diminution must increaso with the depth; we are unuble, howe 
ever, in the present stato of the science, to discover the Jaw of ita variation; 
but exporimont has proved that it is very nearly in divect proportion to the 
depth, As it is of great importance, in practionl applications, to have the fr 
muly ag simplo as possible, it is assumed in this worl thet the quantity to be 
subtracted from the absolute longth of a weir having complete contraction, to 
give its effective longth, is directly proportional to tho depth, UL ia also asaumed 
that the quantity discharged by woits of equal offvelivo Jongths, varica according 
to 4 constant power of the depth. There ix nu reason to think that oither of 
those assumptions is perfectly correct; it will be seen, howovor, that they lead to 
results agreoing very closcly with oxporimont, 

124, The formula proposed for weirs of considerable longth in proportion lo 
the depth upon thom, and having completo contraction, ig 


Qs O(d— bah) hts" 
in which 
Q== the quantity discharged in cubio {cot por socond, 
C= 0 constant coofficient, 
¢== the lotal length of tho weir in feat, 
d= constant coeflicient, 





* This formula was first suggosled to the author by Mr. Boyden, in 1846, 
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aoa the number of end contractions In a single weir having complete con 
Waction, x always equaly 2, and when the length of the weir is equal to 
tho width of the canal leading to it, w= 0, 

A== the depth of wator flowing over the weir, taken far enough upstream from 
the weir, to be unaffected by the curvature in the surface caused by the 
discharge, 

== constant power 


The cocfliciont CG can be dotermined only from experiments in which the 
actual discharge is known; tho conslants, @ and & can, however, be determined 
withowl knowing the actual discharge in any particular cuse, 

Tt hos been stated ‘that the proposed formula is applicable only to weirs 
having « considorablo Jength in proportion to the depth of water running over 
then. It is found by experiment that, when the length equals or excoeds threo 
times tho depth, tho formula applies; but in lengths less than this in proportiori 
to tho depth, tho formula canuot bo used with safety; the orror increasing as tho 
relative length of tho weir diminishes, 

W is evident, from tho construction of tho formula, that ib cannot be of gen- 
eral application, The factor J—nk represents the effective length of the weir; 
if d==bnh this offective length becomes 0, and the formula would give 0 for 
thy discharge, which is absurd; similarly, if da%> 4 the discharge given by the 
fomuula would bo negative. In weirs of very short length in proportion to tho 
depth, the efeeb of the ond contraction cannot be considered as independent of 
tho Jengih, Tho end contraction influences the discharge to a certain distance, A, 
from the end of a weir; if the wholo length of the woir is greater than 2 4, 
the effuel of Ute ond contraction is independent of the longth; but if the longth 
is lows than 2A, tho whole breadth of tho stream is affected in its flow by the 
ond contractions, and, consoquontly, tho proposed formula would not apply. 

In practionl applications, this will scldom be an inconvenience, ag ib is nearly 
always practicable so to proportion the weir, that the Jongth may nob be less 
than three times tho depth upon it; if, howover, there is no end contraction, tho 
proportion of tho length to tho depth is not material. 

126, ‘The author has made numerous exporiments on tho discharge of water 
ovor woirs, according to each of the methods described above. 

First, those at tho Tromont Turbine, and at the centre-vent wator-wheel for 
moving the guard gates of the Northern Canal. In none of these experiments 
hax any attempt been mado to mensure the absolute quantities flowing over tho 
woirg; but simply to cause quantities of water known to be equal, to pass over 


A 
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weirs of different dimensions, noting the depth of water und Teng! hoof welt in 
each case, From these data, av is explained above, cortain ficlor In the formula 
oan be determined. 

Second, those at the Lower Locks, in whieh the abaolute quantities passing 
over weirs of known dimensions, were moasurad dircetly, 

As each of those ihyco gots of oxporiments were made with difforont appara 
tus, they will be described separately. 


EXPERIMENTS MADE AT LUE TREMONT ‘TURBINE, ON THE FLOW OF WATER OVER WEIRS, 


126, he apparatus constructed to guuge the water discharged hy the ‘remant 
Turbine, with some modifications, was used for the experhuents ou the dixelurge 
over the weir; for a general deseviption of this apparatus, seo arta 1, df, and dG. 

The experiments consisted in allowing a quantity of water, of unknown vol 
umo, to onler tho wheelpil, through the turbine, tho regulating gue of which 
was sufficiontly opencd for the purpose, This volume of witor was then eaned 
to flow over woirs of different dimonsiony, and the corresponding dopth on the 
weir, assumed by tho water in each oxporiment, was noted after the wator lid 
arrived at a uniform state. 

The experiments aro divided into series, in cnch of which the rogulnting giua 
was unchanged throughout, so Uiab the apertures through which the waler ontered 
the wheelpit remainod constant during onach series, 

Some variations necossarily occured in tho head acting upon thoso orifieas ; 
thoy were small, however, when compared to the whole hend. The dopths eu 
the weir havo been reduced, according {to well-known principles, to what they 
would have been if the head had beon constant, ‘Tho loakago of the whoolpit 
also xvendered snother small correction nocessary, After tho corrections are mnie, 
we havo in cach soxies a collection of exporiments iu which Ute quantity dis 
charged ig.,,the same, and wo have also tho requisite dimensions of the dit arent 
weirs, Thoso data,if porfoctly accurala, aro sullicient to onable ux lo dotermbue, 
in the proposed formula for the dischargo, tho values of tho conatatla @ und 6, 
It is nob to bo presumed, howover, that tho data aro perfeotly correct, bab we 
can, at any rate, find tho valucs of .@ and that will givo the amost uniter 
resulls lo the computed discharges in all the experimonts in a series; the netual 
discharge being, by hypothesis, a constant quantity, 

127. Some additions to the apparatus used in tho experiments on tho tam 
bine were made for the weir oxperimonts. Tho partitions, represented by figures 

‘ 
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5, 6, and 7, plate V., wore provided for tho purpose of shortening or subdividing 
the weir, ‘They wero mado of wood, faced on part of one side with plates of 
shooldron @, 4 of an inch in thickness; the width de was about 15 feet; the 
iron plato was two inches less, One side of the timber P, figure 2, was in the 
sumo vertical plane as tho upstream edge of the weir Z When the partitions 
wore placed upon tho weir, the top of thom was supported by the timber P, 
and the bottom by tho plate of iron a, which rested against the weir. Flash- 
boards, represented by figures 8, 9, and 10, plate V., wore also provided to closo 
up portions of the woir; these, togelher with the partitions, were maintained in 
their respective positions, simply by the pressure of the water against them. 
Wherovor loaks appeared at the joints of the partitions or Mashboards, they wore 
stopped with great caso and effect, by a little dough made of unbolted Indian 
meal, a handful of which was drawn over the upstream side of the joints; of 
course the orifices closed in this manner wore very minute, In plato X, all the 
modifications of tho weir produced by changing tho partitions and flashboards, ave 
reprercntod; tho soyoral figures are referred to in column 8, table X. In tho 
grentor number of the oxperimonts, two or more spaces were used at tho same 
lime; they wore always of very nearly equal length, so that tho Jongth of eavh 
may be obtained by dividing tho whole length of tho weir given in column 6 
hy half tho number of end contractions given in column 7. 

The brackols JV, figures L and 2, plate V., were placod on the downslreun 
silo of tho welt, to support a board on which to stand for the purposo of 
adjusting the partitions and flashboards, ‘Tho top of the board was about 9.6 
inched below the top of the weit, In some of the oxperiments, a part of the 
shot of water fell upon this board; in experiment 50 it was moved nearer ‘to 
thy weir, Ko thal the entire shoot of water fell upom it, but without jiroducing 
any sonable affect upon the discharge, In experiment 61, a three inch plank 
was placod on the top of the board, as is represented by tho dotted lines ab 
O, figmve 2, plate Vi; tho offect of this obstruction, as indicaled by the ineveased 
depth on the weir os measured by tho hook gauge, was, to diminish the discharge, 
with the sumo dopth on tho weir, about a9. 

It is to bo vegrettod that tho casting forming the sill of the weir, was not 
plmod on its wholo height on tho side J7Q, figure 4, plate V. When: tho weir 
was crocted no thought was entertained of using it for thoso éxperiments, 
roquiving, ax they do, to be of value, to be freo from all disturbing causes, The 
disturbunce caused by the projection at J; can, however, linve beet scaxecly sonsiblo. 

128, Tho data furnished by obsorvation, togethor with the necessary reduc-* 
tions, mul tho results deduced from them, aro contained in table X. Most of 
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the columns aro sufliciontly. explained by the respective nouns saverel af then, 
however, require farther oxplanation. 

129, Conuaun 11. Fall affecting the leakage of’ the heel This is obtained hy 
adding togethor. the corresponding. numbers in. culumns 9 and 10. 

180, Conmam 12. Depth of water on the weir corrected Jor the leakage of the 
wheelnt. This is obteined in-the following manner. 

Tt was cloay, from the construction of the wheelpit, (art 28,) that nearly the 
whole of the’ leakage. passed through the wooden flooring, and that all the. orifices 

* through. which it passed were constantly below tha surface of the lower. canal, 

Tn the constriction of the whoclpit, no pertivalar precmutions were taken to pre 
vent © fice, communication from the bottom of the wooden flooring. to the lower 
canal; and as-the amount of tho leakage was very small, nad the mnterial, fine 
sand free from large. springs, it is clery that the wator could heave had ne 
appreciable obstruction after passing through the Nooring, exeopt from tha pressure 
of the water in the lower canal, This being tho case, the amount of the leaks 
age: would depend upon the head; or, in other words, upon the height from the 
surface of the water in tho wheolpit, to. tho surface of the water iy the lower 
canal, Let : 


== the quantity of water leaking out of tho wheelpit, in wubie feet per 
second, , 
A,A',A’; ote, = the areas of the several orifleos throngh whieh the water. pnssed, 
0,0',0", eto.=the ‘corresponding cocffivionts of contraction 
A= tho “head, or tho height. from the surfieo of the water in the Wheel 
pit, to the surface of the water in the lower cum, Chia head 
applies to all the ovifices,.as they. de all below. the suey of 
the. water in- the lower canal. 


De a4 V2gh--O'A Vgh- AN 2Gh-|- voles 
Be(oa4 Oa - OA" ate,,) Vogh. 


The aveas A, A’, AY, oto, ave constant, as are itso the osifficluiits 7,2", oto, the 
variations in ‘the hend- not being. vory: great, Lot 


. ox OA-b OA + OA" Loto. 
phen Pos 
L=oVigh=eV 8g Vi. 
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The fretor e V2y, being canatinie can tia cistanpntied by: an experiment in which 
Zand h ave known. ‘lo determine’ this constant, the following experiment was 
made: 

The weir was closed up by the flashboards, and made tight in the usual 
manner, so that no appreciable ‘quantity. passed over the weir; the head gate 
was closed, and the small ‘quantity Jenking through it was caught in..the leak’ 
box and carried over, the weir in the leak pipe (art. 24). The water in the 
wheelpit having then no supply, its surfuce began to lower; in consequence of 
the leakage through the doer 3 whilo thus fallixig, the following obsérvations “were 
made, 


February 5, 1851, at ‘10%, 20’; 80’, acm, the height of tho water shag 
in the wheelpit above. the top of the = was . os ue. (0,506 feet... 
Andiat 11", 1, 46", acm, the height was... ee 0.896 « 


Gonsoquently, the surfice of tho wator in. the wheelpit lowered 
DUO re asa ee We ee Ne Sass Visa te Wicca Cae aaa 0.200 fect, 


The avea of the surface’ of the water in tho whoelpit, after. malting the 
proper deductions, was about 506 square fect ; consequently, 


pes 506K 02 


L == —y ing == 0.0409 cubic feet por second, 


During tho interval of 2476 seconds, the mean heiglit of the water in the | 
Jowor canal was 1.2316 feob below the top of tho weir, and the monn. height in 
the wheelpit, during the same period, was 0496 fect nbove the top: of the went, 


then 
A= 1.2816 -+ 0.4960== 1.7276 feet: 


Substituting those values of Z and & in the equation 
Lea VagVho 


wo have . 
oV 2g == 0.08112: 


consequently, 
~ E== 008112 yh. 
To find the depth on the weir, covrectod for the leakage of the wheelpit, let 


== tho depth on the weir by observation, we 
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‘If == the depth on the weir corrceted for the leakage, 


I== length of tho weir, - 
Q==the quantity passing over the weir, Lhe dimensions being all in feat. 


We have @+L=tho total quantity entering tho wheelpil, and whieh would 
have passed over tho woix, if thoro had beon no lenkago ont of the wheelpit, 
To dotermino the corrected depth, it ia necessury to asatmne some formule 
giving nearly the relations between the quantities 2’, 7% and Q Tet us uso thot 
given by Lesbros" for a dopth of 0.20 metros and completo emiraation, which, 
whon reduced to the English foot as tho unit, and adopting our own nolation, is 


Qa=3.12U"; 
we shall have also 
Q-- b= 3.1900"; 


hy subtraction 
Teas 8.120 — 8.1900", 


from which wo dorivo foci 
W(t gin)! 
or substituting for Z its value 0.08112 V2, wo 
py, O0BLI2 VA \F 
Pe aig ‘) , 
By this formula, the reduced hoights given in column 12 have heen ablulned, F 
131, Convun 15, Full from the surface of water in tho forehay, lu the muface of 
the water in the wheelpt. This is obtained by talking the difference of the cor 
responding numbers in columns (8 and 14, 
182. Conus 16. Uniform fall from the forebay to the wheel, to whivk the depths 
on the weir in cach series are reduced. ‘Tho {wll in tho same sorios givon in colunm 
18, which is the nearest to the mean fall in all the experiments in tho soriea, 
is assumed for this purposo; it is unimportant what full is inkon, provided it ix 
near the mean. 
138, Conway 17, Depth on the weir corrected for the leakage of tho wheelpit, and 
the variation tm the fal. Ib must bo recollected that all tho exporinenls of each 





; é 
+ * Exportoncos iydrauliques sur tes lots de Veoouloment do Toute, by M. Leshroy, Paria: 18t, Table 
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aerics, were made with the same opening of the regulating gate of ihe turbine; 
that is, tho areas of the orifices through which the water ontered tho wheelpit, 
were tho same in cach. In all tho experiments, a small quantity of tho water 
eniering the wheelpit, passed betwoen tho gate and the lower curb, in consequence 
of the leather packing not being perfectly adjusted; this did not affect tho rosults, 
however, as these orifices were also submerged in the wheclpit, Under these cir - 
cumstances, if the hoad had been constant, the quantity of water ontering the 
wheolpit, would also have been constant; but the head was subject to a varia- 
lion, comparatively small cortainly, but sufficient to produce a material change in 
tho quantity of water entoring the wheelpit, and, conscquontly, in the depth on 
the weir, 

To cloar the results from this sourco of irregularity, it will be necessary to 
axcortain what tho depths on tho weir would havo becn, if tho hoad had beon 
constant, For this purpose, let 


JT== the constant head to which the depths on tho woir, in any particular 
Rerics, aro to bo voduced, and which varios but litle from tho actual 
heads in tho same series; 
J'=athe actual head in the particular experiment to be reduecd ; 
#’s=tho depth on the weir, corrected for tho variation of the head, or 
corresponding to the constant head ZZ; 
i’'== tho dopth on tho weir corresponding to the head ZZ’, and which is 
the depth givon by obsorvation, correcied for the leakage of the 
wheelpit ; 
qr=tho quantity of water, in cubic feet per second, that would ‘havo 
eutered the whoelpil, if the hoad had beon Z7;* 
g==the quantily of walor corvosponding to tho head JZ’, ond which is 
the same as Q-+2 (art, 180); 
i==tho length of tho woir; 
C==tho coefficiont of tho formula for the discharge over weirs; 
a,0,a",olo.stho avons of tho sovernl orifices through which tho water ontored 
the wheelpit, all of thom boing submerged in tho wheelpit; 
20,0", olo,== the corresponding cocfficionls of contraction ; ‘ 


d =caVlgll + ¢d V2gll’+-0'a! V2gH'+ ote. ; 


d= (ca-da'-Le"a’-b-eto.) V2 gH’; 
il 
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similarly 


“peated pep ote Mg 


hy division, 


¢., [M . 
. a Vw? 
+ also 
y= om and. g= anne 
whence, 
ps q _. pt my 
rio re 
therefore, . 


(E(k) oe (4) 
ara Sy 


. By. this Jast formula, the correotod dopths givon in column 17 have been 
don pit. 

- By .an. inspection of - column 48, it will bo seen that the level of tho wator 
above the wheol was maintainod throughout oach sorios with gront uniformity, 
excepting in a few exporimonts in which it was intentionally altered, ax will he 
seen presently, The height of the water in the whoelpit necexsurily varied with 
the depth upon the woir,-and this is tho principal cause of the variutions in 
tho, fall. 

Several of the ienune givon in. tuble X, wero made for the express 
purpose of testing tho accuracy of tho method of reduction jugt deserthed. Thus, 
in experiments 41. ‘ond 42,'the weir was in the samo stato aa in. oxperimont 40, 
but. the height of the water above the wheel was lowered, and the diffurences 
in the observed. depths upon. the awoir, given. in column 9, are to be attriluted 
entirely to the, diminution in ‘the quantity of wator ontoring tho wheelpit, in con- 

- sequence’.of tho. diminished head. “If tho. method of veduetion ia acautate, how. 
over, the ' corrected. dopths in ‘theso ‘throo ‘exporiments, givon in column 17, should 
" be. the: same. 
ec table VIIL, ave collected all the experiments made for this chjeat, togather 
with the other experiments . forming part of the corresponding sorics, with whieh 
. they may, be at the Weir having been in the same state, 


whence, we derive 
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TABLE VIII. 





























Fatt from the Yarlntion in tho ait Yston in i core 

Runiae furebiy to tho Correctot dopth from tho initial ited depth, from the 

f the whcetptt, ‘upon the Bo ale in oxperiment, rata gaperiment,, 

cern, _ Feob. 

40 14.088 0.79096 

Al 18,554 0.79040 — 0.084 — 0,00047 : 

42 ' 18,149. - 0.78076 —~ 0089 | 0.00120 |. 

49 | 18,904 0.95477 

62 18436 0.95380 — 0,468 — 0,00097 

58 12.062 0,95097 —~ 0,942 0.00380 

68 18.719 118177 . : 

Gl 12.806 1.12608 — 0.013 — 0.00660 - 

72 18,816 0.92170 

rh 18,815 0.0215 | 0501 — 0.00025 

U4, 12,6665 0.92153 —~ 1161 —0,00017 








“Tt will be: perecived that tho ‘variations in the fall, to which. the method of 
reduction is applicd in these experiments, are, nearly all’ of them, ‘much’ greater 
than any that occu in the regular experimonts, This was. arranged for the pur- 
poso of applying an extreme. ‘test. to the method, Several of . the variations in 
the coyvected depths, are not within the limits of ordinary: observation ; several 
of them, howevor, are sensible, and. boing all in the same direction, they’ cannot 
bo attributed cntively to errors of observation, but, in part at lonat, to. either a 
slight defect in the method of reduction, or to the instability of the: appiiratus, 

Tt was observed during. tho course of ‘the experiments, that the quantity. of 
water ontoring the wheolpit, somotimes diminished, sensibly, ‘although ‘no. change 
had been made in the height’ of. tho rogulating. gate ;. the precaution having been 
takon lo fix, in a secure manner, the apparatus by. which’ the’ gate, was ‘moved. 
_ At the time’ tho experiments were “made, ‘this change was attributed ‘to tu miniiite 
lowering of tho gate, tuking place vory slowly, ond arising from. a. defect in the 
stiffhess of tho apparatus, aided by a slight, but not ‘totally: insensible vibration 
of the whole apparatus, caused by the passage of ‘the water through the aper- 
tures. To show how. minute a change in’ the height of the regulating gate, 
would produce the observed changes in. the quantity, let’us take the two.. first + 
experiments. given in toble IX, ‘The regulating” gate was ‘raised to a height not 
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exoceding 0,01 fect; supposing ib to have heen at jusb that hoight, and thet 
any change in its height would have produced an onal proportional elango in 
the discharge, the observed proportional change in tho quantily was 0.00040 
consequently, the absolute chango in tho height of the gale must huve been 
0,0000046 feet. 

In ordor to provont this source of ivrogulavity from affecting the oxperi- 
ments, the regulating gate was usually sob sumo hours before the experiments 
were made, This probably obviated the difficulty in pari, but nob entirely, as 
will bo seen by tablo IX, in which aro colloctod all tho expeximents thet were 
repeated under identical circumstances, 


TABLE IX. 


ve enenrennsertneratenatate net - 











Sins Hind Jind elapast 
' va et 
vagus | anit [Omen Neate pk | Nargis” | eve 
oxperlinont mont, In teats entered Hie whowiplt, 
Jlontn. Minutes 
0.19577 ome 0.00006 oom 0.00040 
0.28886 Ca ee oe et Q pp 
0.28506 -+-0,00119 [0.00704 1 a1 
0.29223 oe eee 4 ii 
0,291.66 —~ 0.00057 oven OWOBIE & ao 
0.20210 =~ 0,00018 wow 0.00067 0 8 
1.06582 vee sees 1G 68 
1.06548 -- 0,000.16 ~/- 0.00028 Ww ol 
0.79190 eas Snibatteas he 8 of 
0.79006 ~~ 0.00094 om 0,00178 8 ol 
0,95056 Be coe a ses 5 PiU 
0.06477 ~~ 0.00179 ome O,00281 G 40 
1.18856 ene voee 2 an 
1,19806 0.00080 rwme O0006 8 ta 
118177 om 0,00179 wwe 000287 4, 8) 
1.00858 tie i see i] 08 
106272 vn 9.00086 moe O.O0LRL 3 4G 
Memn proportional change in the quantity, neglecting 
tho signs, ss ee ve ee ee ee 0.00208 
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Although the variations in the dopths given in tho preceding table aro very 
amall, tho fact that they aro nearly all negative procludes the iden that they are 
entirely due to orvors of observation; we must, therefore, attribute to some other 
cause a portion of the irregularity. 

184, Conuan 19, Combination of caperiments used to determine the value of a Tt 
has been shown (art. 122) how, by means of two experiments in which the‘ 
quantitios passing over different weirs are equal, wo may determine @ in the 
fornia 

Q= Clit, 


Wo now proposo to show how, by means of two such oxporimonts, the value of 
@ may be found in the proposed formula 


Q == O(L— bah) he" 


Tn this equation, we have d and a@ constant quantitios to bo determined; 
wo have alxo Ca constant, which we may here cousider as indeterminate; the 
samo may be seid of @Q, as limited to the experiments in the same series, 

Tot 4 2, and f, voprosent tho Jongth of tho weir, the number of end con- 
tuactions, and the depth upon tho weir in one experiment; and 4, m, and /,, the 
corresponding quantities in another experiment of the same serica; wo have 


Q == C(1—bnh)ht; 
and 
Q=O(h— bah) hes 


4 


sinco for the same serics @ is constant, we have 


(J-— dah) k= (y— bghy) hy: 
talsing tho logaxithme, 


a Log. h-- Log, (-— dah) = a Log, hy} Log. (4—~ bm Ay) + 


whonce wo dorive 
— L0Re (fmm by) — Tog (bak) 
WS Log hm Log Jy : 


This equation is still indoterminate, but can bo rendered doterminatc, by assuming 


a value for 4 

If tho formula vepresents tho true law, and the experiments from which the 
values of the constants aro to-be derived are porfectly accurate, the particular 
combination of oxperiments to be used is evidently unimportant, As such an 
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assumption would be vory unreasonable, wo have combined the experiments, with 
a view of obtaining the best approximation from imporfoot dite; and this wo 
have accomplished by solecting oxporiments the most romote from each other in 
“the values of the respective data thoy fumish; thus, in series T, the combi 
j tions .are made ‘by combining experiment 6,° in which 2 has tho least, and, cou 
“sequently, 4 the greatest value, with each of the others, omitting entirely all. the 
experiments: which, for any reason, appear to be unsuitnble. 

Generally, in each serics, one oxporiment has beon repented ax a text, in 
order to show if any, chango had taken placo in the apparatus; thax, in sorter 
IIL, experiments 16,°20, and. 24, were made, so fir ag is known, wider identiol 
ciroumstonces; in such gases; moans. deduced from tho repeated exporiments linve | 
been used instead of making a separate combination with ‘each, 

185. Conumys numbered 20 to 25. Values of «@ whon b= 0.07, d= 0.005, 
ote, “Cho object is, to find the values of @ and J, in tho formule 


Q== O(l—~dnh) i, 


that will give to the computed discharges in cach sovios the most wniform rosulty, 

For this ‘purpose, successive. values of % avo assumed, and tho corresponding values 

of ‘a, determined, ‘Tho value of 3 leading to values of a heaving the least varl 

ation. among thomsolvos, will evidently bo that most nearly fulling thia condition. - 
‘To aid in tho selection of tho proper valuo of 4, tho thle gives tho. differences 

between the values of @ deduced from ench combination, and the mean value of 

@ deducod from all the combinations, with tho same value of J, and the aus of 

these differences (having no regard to tho sign) aro also given, It will be seen 

thet the sum of the differences is least whon tho valuo of ds 0,05, tho worres 

sponding mean valuo of a being 146094, or L47 very nonly; conseqnontly, to 

Tepresent the whole of the exporimonts with tho most uniformity, tho formule 

becomes ; 

Q= OT 0.0624) a, 
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AT THE TREMONT TURBINE. 











13 ta 15 16 17 18 
Fall from tho} Uniform falt | Depth on tho 
eee Height og [Amica atthe) "front ti wal caret 
above the | the wator | Ae eee eh shes, REMARKS 
whol, in tho | of tho water lopthi on tha ant the et . 
Rane wheolpit 5 wheats Halt As oelt tou In tho fall 
$n foot, in foot. et Lot ralneed } 8 ee 
H ? 
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BXPERIMUNTS ON THE FLOW OF WATER OVER WEIRS, MADE AT TE CANTTOV ENT WHEE. POT 
MOVING TIM GUARD GATES OF THE NORTHERN CANAL. 


136, This, contre-vent wheel usually operates under aboub ton fot fill, and 
is of about sixty horse-powor under this. full. Ié was constructed from “newly 
the seme dosigns as the model centre-vent wheel, described in art, 100, and rep. 

-yesented on. plate VIT. For a general desoviption of the Guard Cates, sea val. Ly, 
page 775, Appleton's Dictionmy of Muchines, AMechumes, ote, Now Yorke: D, Appleton 
& Co,-1852.. . n 

A set of oxporimonts upon the power of this wheel was. made in 1848, in 
which the water discharged by tho wheol wax ganged ab a woir constructed far 
the purpose, below the whecl. ‘The fallowing experiments were made will the 

"fae apparatus, 

The. total Jongth of. tho wolr was 18,02 feet, which, for tho purpoxod of 
these  oxporiments, was diminished to 16.02 feet by two movable planks or pus 
titions, ono foot wido cach, the upstroam fees of which, when placed upon the 
weir, were in the same plane as the upstream fico of the weir ‘Tho form of 
the weir wassuch as to give complete contraction; it waa constructed of woudl, 
with the wpstream. face. vertical, The orest of the weir was formed of southern 
hard pine plank, four inches in» thickness; the top was 0.55 inches wide. uni 
bevelled..off on the downstream. side, at an angle of 40° with the vortionl; Uno 
ends-of the weir and the sides of the partitions «were of the same. form, + 

The bottom of the canal ot basin, measured near the wok, was about 672 

fect below the top of the. woir, ‘The water dischar god by the wheel passed to 
othe ‘basin’ through en irvegular and contracted. channel, soub in. rock, and confined 
‘by coment masonry, This basin was specially oxvavated in the rook, of hinge 
dimensions, in order that the water might reach the weir in a Kulliciontly» quiek 
state to. permit o .satisfictory mensuromont to be made; and also, forthe sume 
object, two gratings: were - placed . across. tho. basin, parallel to vench other, and 
about six fect apm the downatroam grating being about seventuen feat Grom 
the woir, The effect of thesa several precautions was such that, although the 
water escaped from the wheelpitin-a rapid and turbulent current, in the basin 
between the downstrenm., grating ; and tho weir, the. water was ues und feo 
from perceptible irregularities in its motion towards the weir, 

The depths upon the weir wore moasured by the hook gauge, deserihed: at 
art, 45, and peeatel Y fi aba 9, 10, and 11, plate TV.; this was placed in 
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the basin about. eight fect from the wor, in a box, in which the communication 
with the sutrounding water was maintained by a small aperture in the bottom ; 
the box and Hook gauge wero firmly attachod to a timber strongly bolted: to 
tho masonry forming ono side of the basin. ; 

The quantity of water discharged by the wheel is usually regulated by the 
head. gato, admitting the ‘water from the river into the forebay above the wheel, 
When it is desired to diminish the quantity discharged by the wheel, this gato 


is partially closed, tho effect of which is to diminish the fall ‘acting’ upon the | 


wheel; hut this method was unsuitable for. these experiments, on account’ of the 
gronb agitation in tho. forebay, produced by the full at the head gate. During 
‘these experiments, the head gato was fully opened, and the’ quantity’ of -water 
discharged by the wheel: was diminished by closing up a portion of ‘the spaces 
hetweon the guides, with pieces of wood. 


The wheel was: prevented from revolving by the’ brake of the Prony ayn 


mometer, The entire apparatus about’ the wheel remained unchanged throughout 
the four oxperimonts, excopt that the head gate was closed: on several. occasions, 


to enable tho partitions on tho weir to.“be moved. ~ This gate was large (fivo’ 
Toot xqtiaro,). and care was ‘tekken to keop it open to ‘its full extent, in all these 


experiments, 
The apertures through which the water entered the wheelpit being the same, 


the quantity of water discharged must: have been ‘uniform, if, the head acting . 
upon the orifices had been constant; small variations, howover, unavoidably occurred 


in the hou, for which it »was. necessary to. correct. the: depths upon . the weir 


This has. been dono in a manner precisely ‘similar to that. adopted ‘in. the expert 


yAunts upon the weir at the Tremont Turbine, described ‘at art. 183. war 
The wpertures in the wheel and between the guides, were -entirély submerged. 


Tho effective height: of the water \in the wheelpit was measured ing’ chamber  ” 


wonatrnetod for the purpose, ithe masonry. A freo ‘communication was inain- 
tained between tho’ water-in’ the wwheelpit arid in the chamber by an iron pipe 
bout 8.5 inches’ diameter — The aurfied of the: water in.’the. chamber was, in all 
the experiments, above the Jevel of tho top of tho apertures between the: guides, 


‘Tho height above the wheol was ‘taken in the forcbay nearly over the wheel, : 


the gauge being placed inva box in the usual monner;. tho zeros.of, thé’ gauges, 
at whieh both theso heights wore taken, were at the squnie level,’ eonsequently, 
the difference in the readings gave the fall acting upon the apertiires. : 
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EXPERIMENTS ON TUE FLOW OF WATER OVER WEIR. 09 


EXPERIMENTS ON PIU BELECT PRODUCED ON THE PLOW OF WALER OVER WEIRS, BY TILE 
HETGUL OF CIS WATER ON TG DOWNSTREAM SIDE. ' 


187, These were made at the weir at the contve-vent wheel for’ moving. 
tho guard gutex, with tho apparatus used in the preceding. oxperiments. 

A. singular phenomenon was. here produced, namely: » under:  portioulay cireun- 
stances, tho flow of water over a weir may be. tnereased by raising the height of the water 
on the downstream’ stile of the weir. Ovdinarily, when water flows’ over. weir. hav- 
ing contraction on the. bottom, the under side of the shect near the ‘weir, is 
elevated above the level of the top of the weir, taking o curved form; xrepre- 
sentations of ttis. curve. avo given in sevoral works, the most’ porfect of which 
awe by M. M. Poncelet and Lesbros," who ascertained ‘with great cave: the forms 
for sevoral depths upon the weir In such cases, tho spaco. between tho | sheet 
of water and the pluik. or othor material of which the weir is composed, is 
fled. with aie which communicutes more or less foaly: with the extemal aimos- 
phere. 

Suppose tho ath after passing tho weir, to full into a body of. water. of: 
considerable depth, in which tho natural level of the surfrco is not -very ‘much 
below tho top of the aveir, bub sufficiently so, as not sensibly to affect the dis- 
chirge, ‘he’ weir having complete contraction, the air will remain under’ the 
shoot, oven if the “weir jis of -very considerable length in proportion to the depth 
flowin, over, Suppose now, that tho communication of the air under tho.-sheet, 
yrith the external almosphore, is entively cut off by placing boards.on the’ down- 


stronm sido of the weit in contact with each side of tho sheat, or by other: - 


mens, the eflect. will ordinutly be, that tho air under the sheet will be wholly : 
ov partially duiven. out by. the. latoral communication of motion in fluids, onda 
purtink -vaenum: will boo produced, unless water takes. the plnoo of tho air that. is - 
dvivon out, Tn aither case, the equilibrium of ‘the atnospherie pressure on the 
upper auc Tower sides ol the sheot, will be destroyed, the pressure on the “upper 
sido propouderating, the eflect will be lo alter the form of the sheet, and to 
incronse tho diacharge, by tho operation of forces bearing some resemblance to 
the avtion in the well-known experiment. with Venturi’s tube, 

In the following oxperiments, . this effect was prodaoad, by. roising the level | 
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* Kenertonces Hydeauliques sur les lors de Uecowlament, aie. Paris :.1832, Plate 6, 
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of the water on- the downstream side of the weir, to a height a litte above the 
top’ of the ‘weir, in consequence of whieh, by the lutertt eommuniention af 
motion, the air was driven ont, and the flow over the web freilitated, 

During: -the . following oxperiments, the apparatus was arranged in the sn 


manner, as in. the preceding experiments, with these exeoptious, namoly: the prt 


titions were not used; the quantity of water entering tho wheelpit wos diminished 
by closing. up more of the spaces between the guides; the wheel wax entirely 
yomoved; and meung were provided for varying the hoight of the water on tho 
downstream. side of the woit 

The depths on the weir avo roduead in tho samo inamier to what they 
would have been, if the quantity of water entering the wheelpit, and flowing 
over tho. woit, had been uniform ‘The details of tho experiments uro given in 
table XII , 

That tho quantity of water ontoring the whveelpit changed only’ in a very 
small degree from any chango in tho apparatus, is proved by the dupthy upon 
the weir in experimonts 1 and 9% Tho ciraumetaneca in both haing tho sue, 
the corrected depth. on the weir in experiment 9, ts 0.0006 fect Tums than in 
experiment. 1, corresponding to. a ‘change in quantity. of about afy park A 
mean of the depths on the welr in these two exporimonta has been taken, with 
which to compare the othe experiments, 

Measurements were also tnkon of the thickness of the sheet, in the plana 
of the. upstream’ face of. ihe weit, ‘This was. done by" moans of a graduutod 
rod. terminating in a: fino point, and so arranged as to slide in. a -vortienl groove, 
supported from one evd of tho weir, ‘Lhese mensuromonts wore not taken will 
‘the same ‘precision as wore the depths on the weir with the hook gauge, pris 
cipally in consoquence of tho oscillations of the surface. 

Tn consequence of tho want of symmetry in the chanel carrying: of the 
water from the woit, the water on tho downstream sido did not asain. the 
same, height ot:both ends of the woir, Ganges wore placotat- both ‘onde, pro 
tected. ine considerable degroo ftom tho agitation of tho water immediately 
below the weit, and placed so ag to indicate tho hoight of the water a short 
distance downstream ‘from: the shoot, but the heights taken at these gouges hive 


“not the exactness of those taken with the’ hook gouge. There were also much 


greater variations in» tho height ‘of the water ‘during the cowso of an oxpori- 


“ment, than occured ‘on the upstream alde of the weir; somo of tha heights 


, Biven in column 9 may consequently ” be erroneous to tho extent of 0.02 Leot. 
The differences given in column 10, indicate the effect produeed on. tha dis. 
‘charge ‘by’ the. Relght of the wateron ‘the downstream sido, When ‘this height. 
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was about 38 inches below the top of the weir, the. effect was insensible. - When 
uhoub level with .the top of the weir, tho . obstruction was very minute and 
barely sensible. ‘When the height on the downstream side was about 2 of an 
inch above the top of the wot, (at which ‘height the airy did not remain under 
tle -sheat,) the inerease in the discharge is quite sonsible, the’ discharge’ with the 
sume depth being inereased about z}y. When the height ‘on the downstream 
bide is 1.25 inches above the top of the. weir, the obstruction is quite distinct, . 
nil it inereasos rapidly with the inerease of height, Rares ‘ye 
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EXPERIMENTS ON TUE FLOW OF WATER OVER WEIRS, MADE AT TUE LOWER 
LOCKS, IN LOWLIL, 


188. In tho yenr 1852, the author, in connection with James IF. Baldwin, 
Esq, the ominent engincor of Boston, Mnssachusotis, was omployed to ascertain 
tho amount of wator-power used by tho soveral monnfacturing companies at 
Lowell. In order to bo ablo to do this in a salishctory mannoy, il was found 
nocossary to determine anow the rules for computing the discharge of water over 
weirs of cerlain forms; and for this purpose an extensive series of experiments 
was made, with a very complete apparatus, and on a scale of unusual magnilude, 
Tho oxecution of these experiments was intrusted to the author; and Zhe Pro. 
pricors of the Locks anid Canals on Merrimack River, at whose exponse they were 
mado, have, with great liboralily, given tho author pormission to publish an 
accormt of them, 

189, The groat difficulty in this kind of oxporiment, usually, is to obtain a 
atilablo basin in which the water flowing over tho weir for a certain pertod of 
time may he actually measured, Fortunately for our purpose, the Lower Locks 
ab Lowell are seldom used, oxcopt during the high water in the spring, whon 
ruis can pass over the rapids in tho yiver below, Those locks woro rebuilt 
principally of wood, in (841, and at the timo when the oxperiments were made, 
they wero still in good condition; thoy however required somo alterations to 
adgpl them to the requirements of the experiments; which alterations, togothor 
with {ho entixo apparatus omployed, and the mode of condueling tho experiments, 
will now be dexeried, 

140, Vlate XT, figuro 1, iy a goneral plan of the Tower Locks and the 
vicinity, on a reale of eighty foot to an inch, A is tho lowor lovel of DPaw- 
ducket Cunnl; 7, tho Easton Canal; ¢, the Concord Rivor, which ontors the 
Memimack River ab about 1200 feet bolow the foot of the lock; D is the dam 
for discharging the surplus walter from the Pawtucket Canal into Concord River, 
posing through the wasleway 2; 2% tho Middlesox Mills, which aro carried by 
wator-power from the Pawtucket Canal, through the covered penstock 7; % an 
apparains oreolod for the purpose of gauging the water drawn by the Middle 
sex Milla, which was removed before these experiments wore made; 2 the upper 
chumber of tho lock, which was converted into the gauging basin for these 
experiments, and which is represented as it was before tho alterations were made. 
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141, Plate XI, zopresonts the gauging chamber aubsoquent ta the alter 
tions, on a scale of 10 fect to an inch, Figure 1 is a plan; figure %, a lon 
gitudinal section; and figures 8 and 4. transverso soctions, ‘The side wall A was 
built in 1822, of large and small, stones Inid without mortar; in order to onder 
the. lock capable of holding water, it is lined with planks about threo tichos 
thick, secured by tree-nails and spikes to wooden frames, which axe supported on 
the bottom by tho ‘carth and. some rough walls, and on tho sides by tha wide 
walls of the lock, As originally constructed, the planking wna fiustoned to poste 
resting immediately against’ the sido walls; but when reconstructed in 1841, the 
chambers, together with tho gates, were narrowed to tho width represented, which 
is about one half. tho former width; at that timo, also, the parts 222, about 
the hollow quoins, wore built anew in out granite, laid in hydraulic conent, 

To prepare: the chamber for these exporiments, tho upper sot of lock utes 
and ‘the’ corresponding mitre silld wore removed, and the woir ¢, plato XIL, 
figures. 1. -and, 2, constructed in place of thom; tho middle gatos were nlso 
removed, and the lower end of the chamber closed with timbers and ‘plank, 
aa represented at 2; in the lower. part of this timber works tha waste gute. A" 
avag. constructed, for tho purpose of drawing off the wator from the «chamber, 
after each experiment. 

Tho. construction of the’ wooden sides of tho chamber was auch, that when 


‘the chamber was. partially or wholly’ filled with water, thoy would yield a Title 


to ‘the pressure, and the capacity would, consoquently, be increased boyornd. what 
it-.was when. empty, which. waa necossarily the case when the dimensiuna were 
taken. To .diminivh, ns much as pyactionble, this. source of. error, the Infnecs 
were placed, across the chamber; just above tho waterline 2.7, nearly up “to 


which tho chamber was filled in. the: exporiments, . ‘Theso:. braces were paced 
opposite each’ side timber in the frame of ‘the. chamber, excepting at GC, whore 


a flooring of. thick plank,. put in for another objeot, answored the samo purporo ; 
afterwards,..cvery: accessible timber in the sides was strongly bracod: and keyed ‘up 
from the ‘side. walls, which was done with such forea, that the onda of tha braces 
# were indented. into : the planks forming tho sides of the chamber, Ab 20UZ 


where the apace. between. the. walls and. the planking was too small to admit. of 


the bracing, the’ spaces’, betwoon the timbers’ wore filled with small stones, dropped 


and rammed in. from. the: top. — These operations stiffened. tho sides. of the 
, chamber. so much, ‘that: ‘the comection ‘required: for the enlargement of the enpac- 


ity, of the chamber, in consequence of the yielding of tho. sidea, was very minute, 
All the. leakages that could be”. detected wore stopped “by. various contrivances ; 
the depressions i in as planks, about the heads of the spikes, were Aled up with 


EXPERIMENTS ON THE FLOW OF WATER OVER. WEIRS. 105 


content; the sides: of. the planking towards the chamber were scraped, and. ron- 
dyred’ as smooth and uniform as practicable. 

A. part of the wall A was removed. at Z for the purpose of: discharging the 
water, flowing ovor the weir, directly into the wasteway, whenever it-was neces- 
sury to divort its flow from the chamber; ‘the floor @@ was continued through 
tho wall, as represented in figures 1 and 4, plate XII. 

342, Plate XII, figure 1, is » longitudinal sectional: elevation through the + 
middle of tho welt, showing most of ‘tho apparatus immediately comnectéd with 
it, A ig a plete of cast-iron forming the cxest of the weir; it is ton foet long, 
thirtoen inches wide, and an inch thick, accurately and smoothly planed.” in every 
part; the upper corner presented to the ‘current is square and ‘sharp, or as 
neatly so as castivon can be conveniently maintained; the horizontal - part of 
the top is 0.25 inches wide; the remaindor of tho top is, bevelled ‘off at an 
angle of 46°; this plato is secured to the timber work by numerous. scrows. 
with counterunk hoads; tho timber work is strongly bolted to tho granite hol- 
low quoina of the Jock, The onds of tho weir B axe formod of plates” of’ cust: 
tron, of similar section to the plate A, he whole upstroam side of tho weir 
forms a vertioal plano 18.96 foot in longth, and 4.60 feot’ in depth, from: tho top 
of the. plute A to the top of the masonry @} the upstream side of the ves 
J? aro also in the same vortical plano. 

D is the swing gato for admitting and diverting, at vil the stream — of 
water flowing over the weir, into or from the measuring chamber A PEP 
we leak boxes. or troughs, to eatol the Joakage by.tho edges of the: swing 
gate, when shut The water thus caught is conveyed to openings @, eut through 
th® plauking on cach side of the chamber, through which it is discharged, ‘thug © 
preventing any embarressinent from tho: leakage of” the ‘swing’ gate when. shut, 
ux ib dous not enter tho chamber 2 ~The swing’ ‘gate is suspended from the 
pivots 17; all. its parts are sade. as light. as practicable, consistent with the 
vequired stifhesy in order thas the time oconpied in opening or shutting ‘it may. 
ho ax stort as posible A very important part of the oxporiments consisted in’ 
detormining tho length of timo during which tho water. flowed into the ‘iiloas- 
wing chamber #;  thix was obtained by obscrving ‘the: time’ when’ the awing 
glo ‘wax opened and shut, which was done by an observer in tho bailding 5 
by. menns of tn electric telegraph and 2. marine chronometer, in ‘the: “following 
manner. The break circuit apparatus 7° is fixed in such a. position : that, when 
ono hilf only. of the stream flowing over the sveir passes. in 









thie “chamber, the 
cam £, attached to the frame of the swing gato, depresses the knob. ay repre- 
ld ee ; 
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sented in the plate, and breaks the cirouit of tho elootrio current in the wire 
IM; this causes sound to be mado. hy the call WY, in the mnall building J 
where sits tho observer with his eye on the elvonometer, . who notes the time 
when. the: sound is made; . the chronometer. used eats half seconds, but, by 
employing a practised observer, the time was noted to tenths of a second, the 
“error probably rarely exceeding two tenths of a second, The gate, with its 
accompanying apparatus, was balanced, so that it could be opened or shut with 
sensibly tho same amount of force; . this balancing. was done with the water flow- 
ing over the weir, and was done anow for each motorial variation in the quan 
tity. Toeach of the timbers O and 2, plato XUT, figure 1, was attached, by 
a. joint, a prop .Z, shown .at. figure 4, plate XII; the -prop at the timber. 0, 
foy the purpose. of retaining the swing gate in its. position when open, and the 


" other..at the timber Z, to retain it in position. when shut, ‘The movement of 
» the. gate was produced by placing weights upon tho frame at @Q-and 2, plate 
. RIL; where the gate is represented as at the middlo :point of its motion whilo 


suiting; the motion being produced by the gravitatio’ of tho woighty ab @. 
As soon: as the. gate is shut, tho prop 2, plate XIL, figure 4, is placed under 
the frame at R, plate XT, and. koyod up tight; the weights are then: takon 
off. at :Q; and. aboutthe same amount of woight is placed at 2; thon, whan it 
is: desired * to open: tho ‘gato, an assistant sttikes the prop from under 2? with a 
‘sledigé-hammor, when the weight at 2 causes tho gato to open; tho prop. is 
then immediately ‘placed under the ‘frame at Q To prevent injurious concussions 
from the action. of the weights, thick pieces of Indiarubber, operating as springs, 
were fastened on the underside of the frame at @.and 2, which, when tle gate 
attained cither of its extreme pontony, struck upon. the sneer OnanE stops” 
and f, aes 

* From the foregoing description of shy, abana bl the manner of operating the 
swing” ‘gate will -be xeadily understood. Tour assistants wore employed for tho 
purpose: Suppose ‘that the chambor is nearly flled,-ond that it is xequived that, 
when the Water: reaches: a certain height, the. flow of the water shall bo diverted 
from the chamber: one assistant, who has been watching tho riso of tho water, 
gives a signal’ when the: Water has reached the desired height, .at which the prop 


_ under: the frame ‘at Q-is “immediately knocked “away, the weights at @ cause tho 


gate to mave until, it strikes the Waly, . ox, the Indis-rubber springs strike the stops 
2 ‘at that ‘moment another assistant places tho prop “under 2, and tho flew of the 
water is diverted from the chamber ; ’ ‘another assistant. then changes the ‘weights, 
and thé» apparatus-is ready for: ‘the reverse operation by which” tho gate is 
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opened, Much time was ocoupicd in adjusting this apparatus so that the: eam L, 


plato XII, would strike the break. civenit whon the gate was in such a position — 


that ono half of tho water flowing over the weir passed into the chamber; and 
also, that the thno in which the gate moved through each half.of the thickness 
of the sheet, would be the same, It required a now adjustmont. for. each depth 
upon tho. weir Precise accurney was nob attained or: attempted, :in ‘any of these 


uljustmonts, ‘but suchen approximation was made, that itis believed.-that: the. 


errors urising from want of complete oxactness, ave entirely insensible in the results, 


148. The depths upon the weir were-obsorved by means of the hook: gauges 
7 and ¥, plate XIL, figures 1 and 2, and plato XLT; figure 1° “One of these 
gmiges. ix represonted in detail by figures 2,°8, and 4, plate XIIL, } the full size, 
They. were made by the. Lowell: Machine Shop. ‘This ‘valuable -instrumont has 
len sufficiently described in the account of the oxperiments on the Tremont 
‘Turbine (wrt 45), ‘Thoso’ gauges were placed in wooden’ boxes closed on all. sidos, 
excepting at the top; in tho bottom :of each of. which was a-hole about an 
juch. in -diamotor, and in that part. of the bottom projecting beyond. .tho «lines: of 
tho anol wally, due .caro being taken. that tho plugs, by which the holes. were 


partially closed, did. not project through the bottom... In the -experiments on. tho”. 


wor in which the ond contraction was suppressed, a communication was. established 
~ batwoon ‘the gauge boxos and tho canal leading to the weir, by. pipes: opening at 


By figures 8,9, and 10, plato XIV, .The -pipes opening near the bottom of the . 
cml, six fuct from the woir, forming part. of the system Jor talsing the heights 


at difwront distances from the woir, were also used in some of tho experiments, 
Tha Jioxos ware acourcly. fastonod to wooden posta in the ‘angles of the gate 


rdeavon; and the posts wore strongly fastened to the walls, by several’ iron bolts : 


dviven into holes drilled in tho “granite: stones for the’ purpose,” Ts was’ very 
importent that. theso gauges should bo immovably fixed, relatively to the weir 
Ib ta probable, however, that: thoy wore. not: perfectly firm. Diiring: the course of 
tho experiment, two, comparisons wore. made. of the relative heights of the gauges 
wut tha top of the weir; ono. on October 26th; tho other, November 8th, when 
there was found. to be. a sensible. difference. in. them, the. most probable onde 


of whieh was, that changes took place: in tho absolute height: of the. Bougos, 


that did not aMvet-the weir in the same degreo, It is difficult to, porveive; how 
the wor. could. chango from .o sottloment of tho. masonry, founded,...ds.i6 ds, on 
rock; tho walls. to which the gouges were attached, were. much. loss substantially 


butlt and. not founded. on. rock; it is. not impossible that changes: took place in 
tho’ tiniboravork. of the weir, by the absorption: of water, _motwithstanding it was 
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fixed in place severnl weeks before the experiments wera made, wilh ea view to 
its complete saturation, 

If the apparatus is eufficiontly stable, the comparison of. the hoights of the 
hook. ‘gauges with the top of the woir, can bo mado with any desired degree of 
precision: . For making. the’ comparison in these oxperiments, the following appara 
tus.was devised:: ‘The water being dvaivn out of the canal, tho top of the weir 
was inelosed in a watertight trough, containing only a small quantity of wator, 
bub sufficient to ‘cover the erest of the weir to a small depth; this trough was 
comecied with the hook gaugo boxes, by leaden pipes; the boxes wore xenderod 
water-tight by coating the joints with pitch, and plugging wp the holes fn the 
‘bottom; they were also carefully propped up, Tho communication being free, 
and the leakages very small, the water on tho crost of tho woir and in’ the 
boxes, would stand at the same level; consequently, all that vemained to be 
- done, wis to measure the height of the water with the hook geuges; and, at the 
same time, the depths wpon tho crest of tho woir, Tho monsuroment by the 
hook gaugea prosented no difficulty, as it required nothing more than ‘the ordi- 
nary uso of. tho instruments; To moasure the depths upon the crest’ of tho 
weir, had always been a ‘difficulty in. malkiig similar comparisons; to moot it in 
this oase, tho instrument, represonted at plato XIIL, figure 6, was devised. Tho 
points were’ numbered from 1 to 10, and .the exact height of each of them 
above “a horizontal plane, on which the instrument stood, was. ascertained, In 
uaing this: instrument, the water in tho trough was adjusted to a convenient level; 
the top of the wel was. divided into ten equal spaced; tho instrument waa 
placed upon one of them, and when tho water. becamo quite tranquil, the num 
ber of the point that coincided with tho surfhco was noted, and, at’ the tne 
moment, the’ heights ‘of ‘the water in the ‘boxes wore’ observed with tho houk 
gouges, “If (as was usually tho case) tho ‘suvfico of the water did nob oxuelly 
coitidide with sither of tho points, the true fractional aumbor wna toon hy -entle 
mation, ” “The adjacent points differed in height about 0.001 fect, and’ w fourth 
part of this qiinntity was sufficiently distinct ‘not to bo doubtful 

As nn’exiiiple of the precision attainable by tho uso of thia inatrumont, the 
following ‘vrestilts are given of the comparison of the north hook gouge with tho 
~ weit, made ‘during the night of October 26, by Mr, John Newell. Tho xesulls 
indieate. the ‘corrections to’ be applied to. the reading of the. hook gauge, to give 
“the true height of the surface of the water in the gauge box, above the ‘top - 
_ of the: weir, each result being o menn of eleven monsuremonts made at oquidis- 
tant -points on the weit, . : 
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By tho Ist trial, the correction was... 4... 5 —=0.08076 feet, 


«od «ww We day oniposay « 
Bt ea ea ES Legogare -« 
rae i Ce a ena mee ee 
« Sth #  « © ced gh ot! e poe OOROTO We 


Moat eB ys 0.08072 feet, 


‘the extreme variation is between the 2nd and 4th. trials, mounting to: 0.00064. 
foul, a quantity scarcely visible to the naked eye; of course, in the mean vosult 
of all the trials, the oxror of observation must be entirely. insonsiblo. 

Tt hog boon yemarked that the comparisons: made at: different times, did. not 
givo tho samo. results, ‘wo complete comparisons wero made, as follows: —_ 









'. GORRECIIONS. 



















DAT, rbd cea cece 2 
1803... North hoale gango. Bouth hook gauge, 
‘Poot, Yaot, 
Octobar 26th. —~ 0.08072 > 002786 
November 8th, —~0,08250 ~~ 0.08060 


- Considering: tho caxo .with’ which these comparisons were. made, and ‘the per 
feation of the method, the differences cannot ‘be attributed to errors of observa. ° 
tion, but, rather, to a want of stability. in. some. parts’ of ‘the ‘apparatus. ~The 
corrections determined October 26th, were used. in reducing ‘all the experiments 
aude fran October 20th, to “November 7th, both: inclusive; for. all: meet : 
@xperiments, the corrections found November. 8th wore: used. . : 

‘Tho twenty-three experiments numbered fiom ‘1L' to 38, in table XI, were 
mally under cireumstances ax nearly identical. as practicable. They werd made at 
dilluvent times throughout the: course, for the purpose of neutvalizing errors of 
tho same class ax that just described, the resulting effects: of which ought to he | 
sliown by tho variation in’ the coofficionts deduced: from  experimonts. . made at, 
different times. ‘These’ experiments are collected together 4 in the following: table i+ a 



















Differonces fom tho. 











DATY, © ; iis ‘oe Mo coven monn duce frou all 
ee 

Oct. 20th, Psat, and Ook 2lat A.at 6 3.9186 A 

Oot, 2laf, rat, and Oct. mo AO © 8° 8,8216-. 

Oot. 20th, Peat. ; 8.8278 |. 


| Nov, Uth, vat 8.8207. 





_ feats 
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Tho oxtrome variation is betwoon the experiments of Octohor 20th aul 20th, 
in which it, amounts to g}y. ‘Cho grentest difference from tho mean dedueed 
from all the 28 experiments, is in the covfficiont deduged from the exporiments 
of: Octoher 29th, in which it amounts to yfy: It is thir to. presumo that simi- 
lar inregularitios, ‘not. in any caso. much exceeding the above, and ‘arising princi 
pally from wont of stability in the apparatua, oxist in other parts of this series 
of experiments. ; 

144, The ‘capacity of tho gauging ‘chamber was obtained by measuring | its 
dimensions. Tor this purpose, horizontal lines wero traced on ‘the sides of the 
chamber at every. foot in hoight; tho widths wore thon measured at. vight 
angles ‘to ‘the sides, at points two fect apart; from these widths, artd othor necer 
sary measurements, the total area was obtained at each: horizontul seation, When 
these ‘measurements were made, the chamber was. of course empty, but when 
filled with’ water, its dimensions would evidently bo somewhat larger, in conxes 


_ quence ‘of the sides and bottom yielding to tho pressure, To ascertain whut 


allowance to mako for this, a systematic monsuromont was mado in tho Rpawed 
between the planking and the walls, both when. the chumbor was ompty and 
when filled to the usual height; similar mensuoments were mae for the hattom, 
by placing, poles vortically, vosting upon, and fastened to: the bottom; the elovi- 
tions of the tops: of these poles wore taken with a lovelling instrument, both 
‘whien the chamber was empty, and when filled, It was thus ascortuinod that the 
eapacity of the. chamber, whon filled with water to tho usual height, wes LLL 
oubic feet greater than when empty. 

Two’ persons mado independent measurements of the pnpacity of. the. chamber, 
the results of which differed ‘only about $ of oa cubic foot, a coincidence whith 
must: of course be considered as accidental The capacity! finally doterminod upon 


for 0.5 feet’ in height, (which was nealy the depth filléd in onch oxporiment,) 


aid: including’ the Salaresent resulting from. the prowsinre, was 1203818. cubio 





145, The, sriaes was nob quito watertight, but tho; amount of the Joukuge 
was détormitied: by noting the vate at which. the suvfacot of the wetex lowered, 
when, none was. admitted’ from. tho weir,” and. the : waste! gate wna closed 3. thts 
was repeated with the wator in. tho chamber. at different depths, Ib was thus 


_ found: that the. mean leakage .was’'0.085 eubio fot por -aecond; that: ia, tho 


product of 0,085 multiplied by the number of seconds that the water flowing 
over ‘the weir continued to enter the chamber during an experiment, must be 


“added '-to the quantity in the chamber at the moment. the water was divorted, 


in order to. give the trae quantity that passed over the weir in the snme time, 
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146. It was not convenient to ompty the husiben entirely after each experi- 
ment, but the heights of the water in the chamber at the beginning and end- 
ing of euch, wore ascortained with great accuracy by means of hook gauges, 
placed in the. boxes X and Y,. figures 1, 2, and 8, plate XIL, which wore’ fastened 
to a post strongly bolted. to the wall A, A communication was. established, at 
will, between the water in the chamber ‘and cither of the ‘boxes, by pipes and , 

“cocks, ‘The operation of taking the heights was ‘as follows: the chamber having 
been sufficiently ompticd,. the waste gate KX wag closed, the’ communication’ of 
the lower box. with. the, chamber was established, and when the oscillations in 
the surface had .consed, tho height of the water was taken; the. cook. was then 
shut, and a signal made’ for oponing the swing gate, When the chamber: had 
been filled; and tho flow: of. water into: the chamber diverted by closing the 

awing gate, the communication with the upper box was opened; when the oscil- 
lations had ceased, observations of the water were taken at. short and yregular 
intorvals, for. some minutes, the. time and height being noted... In consequence. of 

the loukage of the chainBor, the ‘surlice’ lowered slowly; and. the ‘continued, obger- 

vationa were made for the purpose of being able to infer the .oxact. height,-at 

which the water stood in! the. chambor at. the instant that. tho swing. gate .was 

shut, the. vory slow. rate ‘at ‘which the surface of tho water. in the. chamber 

lowored,. permitting this to be dono. with great precision. . For tho success, how- 

ever, of this operation, it was essential that tho timekceper used should agree 

with tho chronometer, by, which the times of. opening and. shutting. the .swing 
gute were noted; . it was accordingly frequently compared, and any Aitigreniaa 
nototh 

mm. 147. Plato XTV. ieinfecnts the. different forms at: weit. on ‘which experiments: 
were mado, All tho figurps are on the same seal, nut five foot to an. inch, 

Y gig the full size, i 

Figuro 1 isa longitudinal section, figure 2, 0 ‘las and figure 8, an eleva. 
tion of what we: call the ‘regular woir, that is, 9 weir in which the contraction. ix 
complote, both on tho enda and on the bottom. a 

Viguro 4 ds on clevation of a. woir of procisoly the same » form. as. that [ast 
doseribod, excepting that it is divided into two equal parts or bays by: the: ‘par 
tition, which ix two Loct wide, ‘The upstream side of tho partition is i the snme 
vertical plano ag the romainder of the weir, having no ‘bolt hends “Other pro- 
jeotion below the level of the surface of the water. 

Figures 6, 6, and -7, represent a weir. ‘of precisely. di 
first nbove described, excepting: that tho oe of = cana 


> 


js diminished. > : 









“form as that 
‘approaching. the. weit 





& 
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Tigures 8, 9, and 10, represent the sume woir as first above deserted, modi. 
fied so that the contraction at the ondy is suppressed, thot ix, the canal leading 
to the weir is of the samo width ax tho wei, ‘Theso figures also slow the 
apparatus usod to ascorlnin tho eflecl of taking tho dopthy upon tho woir at 
difforont distances from il, by means of pipos opening noar tho bottom af the 
canal. 

Figures 11 and 12 yvoprosent tho upper part of a dam, of the samo section 
ag that erected by tho Fysox Company, in 1846-8, across tho Merrhnack Rivor 
at Lawrence, (about nino miles below Lowell). ‘This imagnificent work hes an 
overfall 900 foot in length, the perpendicular fill being about 24 feat, This 
form waa exporimented upon, in order to obluin a formula lor computing the 
flow of the river over this dain, 


DESORIPEION OF TANT NIM. 


Containing tha dotails of the exparimonts on tha flaw af water over wotre, neue at tha Lower Locks, 
Lowell, in October and November, 1852, 


148. The columns numbered from 1 to 5, require no further explanation than 
is contained in tho respective hoadings 

149. Corvan 6. Duration of the experiment, This ia tho intervalsof time ding 
which tho wator flowed into tho chamber; it is obinined hy taking tho atone 
of the corresponding tines in column 6, ‘ . 

150, Con 7, Meu depth upon the weir by observation, Th was found impr wh 
ticable in many casvs, to maintain the canal ab a uniform height thronghout an 
experiment, although evory endcavor was made, Tor inslanco, no experimenta 
were made when the mills wore in operation, nor until some hours after tho 
usu) time ‘when they ccasod drawing water; this rendored it necessary ta po 
form ‘the oxporiments cithor dwing the night, or on Sunday; in congoquence of 
the Intoness’ of tho season, advantagd wns tnkon of both thoso opportunities 
When any chango was mado in tho level of tho water in tha canal, for the 
purpose of varying tho depths upon the woir, a considorablo timo was allowed to 
clapso before the experiments were rosumod, in ordor that the tovel of tho water 
might got woll established, Tn spite of all precautions, howover, variationa fro 
quontly occurred in the depths upon the woir, which, with the ordinary mode a 
taking an arithmetical mean of the several observations of the depth, woud have 
matorially affected tho nccwacy of the results; this difficulty was obviated in a 
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great degree, by tho use of a novel mode of obtaining the mean depth, which 
will now bo explained. Let 


i, i',}', oleh" represent the soveral observed depths upon the weir, the suc 
cossive valuos not difforing groatly from each other. 
t,0,2",0to.", the corresponding intervals of time botweon the several obsorvations; . 
Z, the sum of all the intervals of time ; 
Q, the total volume of wator actually flowing ovyor the weir in the 
lime 7; 
Z, the monn depth upon the weir that would discharge the volume 
« Q, in the timo Z; 
% the length of the weir; 
CG, a constant coofficient: 


wo shall hnvo, ovidontly, very nearly, 


Qa 4 OUT ot SE! ora oto. + fou: 


=", at" | 
Q= CUS PEALE lL oto, 4808): 


we havo also 


Q= Tol: 
whoneo wo derive, by substituting tho valuo of @ previously found, 
t. 4 det oy 4 em 
bo 1m na } 
Fe a an pe 


Ag on oxemplo of tho application of this method, Jet us take tho obsorvations 
made ab the north hook gaugo during oxperiment 74; this is sclecied, simply 
ocauno tho variations in tho depths upon the woir were greater than in any 


other experiment, ’ 
16 


| 
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EXTRACT FROM TUE NOTES TAKEN AL TR NORTE HOOK GAUGE. 


Ontobor Qt, 1RG3, awry 


: ‘DA, Gf, watols 147 feb 
 aeaienner tea 
Hoadlng af the 
INR hook gauyo 


9 9" 15" 0.0800 
10 60 0.6820 


Commencoment of the axpal-| 11 46 0.6825 
mont by tho thn of Gis with, | n- eeemen fee ee 
OS ae 12 45 0.6810 


18 16 0.0310 
14 20 0,600 
ld 60 0.6865 
15 20 00290 
16 80 0.0300 
wo 0.6885 
17 6b 0.6880 
‘ 18 Bh 0.8180 
1 20 0.6500 
20 9 AGO 
20 65 00170 
21° 2h OG TIS 
22 10 0.6530 





SwWUININVianaGerSe Neer hGH 


7 22 8b 0.6550 
Ending of tho oxpeilmont by 28 «6 0.0180 
tho time of due waleh, O24} 28 46 0.8440 
49,0" 2d 35 9,8608 


Arithmatienl . 
, » mean certo D0 128 





For the purposo of simplifying the operation of finding tha monn, iol 
assumed that wo can, wilhont scusihlo ovror, uso an atihmetion! mon of all 
depths not varying more than 0,002 feet from onch other; accordingly an arith 
metieal mean has been taken of all tho readings marked 7 in the margin of 
the above table, and similar means have beon taken of the other rendings marked 
with the seme number in the margin, It will bo percaived that ib was noted 
at 9" 6, that the watch was 12” fast; by another comparison with tho chronom 
ctor made at 10" 47’, the watch was 22" fast; from theao two comparisons it ie 
inferred that, at the middle of the oxperimont, the watch was 13,8” fist. Instead 
of changing the timos of all the observations, tho timo of the commoncamonl and 
ending of the experimont has been changed to conform to this watch, bub for 
the purpose of this reduction only, By tho mothod adoptod, it is araumed thal 

* the height of the water did nob change until half tho interval of timo botweon 
two consecutive observations ‘had elapsed; accordingly, we find that the time com 
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responding to the first moan depth, is from the beginning of the experiment to 
M14" 86", or 142.0’, and from 9" 18’ 5” to 9 16’ 47.5", or 102.6", making 245.1” 
The several mean readings and tho corresponding timos, given in the following 
table, ave obtained in this mannor; tho depths upon the weir corresponding to the 
sevoral mean readings, ave also given, which are found by subtracting 0.08072 foct 
from. each moan xending, (see art.’ 148), 























 commamecmarseata | 
Number {Mean roading of tho jgereercnt: ean dont upon 
of the hook gauge romullug, from tho evoral , 
nent moan readlngs 
soa Foot, Fut 
1 0.63020 245.1 0.50018 
2 0.68850 425 0.60278 
r) 0.08725 75.0 0.60653 
4 0.64450 87.5 0.01878 
6 0.01750 107.5 0.61678 
6 0.65000 42.5 0.61928 
7 0.05400 62.5 0,62828 
8 0.65800 45.0 0.62728 
9 0.66050 0.02978 * 
a 





Tho quantilies in tho third column of this table aro the values of ) ms ote, 
in tho oxprossion givon above for JZ; the quantities in tho fourth column are 
tho corresponding values of 4,2’, ole. The valuo of 7 boing 757.5, all the 
quantities in the second member of the equation avo known; by substituting these 
values wo find P 

: T= 0.6118, 






Yho arithmetical mean of the eightoon observations is 0,0428; deducting the 
correction 0.08072, wo find the menn depth to be’ 06121; tho difference by the 


methods is 0.0008, 7 
A. similar computation on the obsorvations ab the south hook gauge gives 


I= 0.6099, 


By taking the avithmoticn moan of the observations, we flud tho depth, by the 


south hook giugo to be 0.6096. " 
The mean of the abovo values of ZZ or 0.6106, is adopted ag:the depth on 


the weir in experiment 74. 

A similar reduction has been made of the observations at cash hook gauge, 
in oll tho exporimonts; the arithmotical mean of tho tyo rosults obtained for” 
each experiment, is givon in column 7. 


a 
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|. Notwithstanding the advantage attending. this modo of reduction, ib cannat he 
denied that, for the most porfect experiments, tho depth on tho weir should bo 


~ invariable throughout, and that, evleris paribus, tho. oxporimonts will ho the loss 


valuable, the greater. the variation, To onable tho reader to judgo of tho rela 


_ tive value of the ‘oxporiments, as far as it deponds upon. this variation, tho small 
+ figures to the Jeff and above tho several depths in column 7 aro given; thoy 


indicate the highest number of values of /, 2’, h", oto, uscd in the reduotion of 
the observations, at either of tho hook gaugos, in tho corresponding oxporiments, 
“16L: Conumn 8 Mean velocity of the water approaching the weir. Chix in obtained 
by dividing tho corresponding quantity. of water Mowing over the weir, given in 
column 14; by the avon of. the section of tho canal, at the hook gauge boxes, 
In the. weir having contraction at tho ends, thiswould strictly include all tho 
space tnder’ the gaugo boxes, although, from the form of the walls, it ix evident 


that. the current could. flow only in a smal purt. of this space; connuquontly, 


the portion in which the ourrent could not flow: is not includedy:in tho arena 
tised, 

162, Conmw ; Zend due to the velocity in column 8. "Thin is muftoiontly 
oxplained in the heading, 

158... Corum 10. Depth upon the wel, corrected for the velooly af the water 
approaching we weir Tn the comtnon formule for tho dischargo of water over weirs, 


ve CLEA Y Ig IE. (A) 


The second member may: be soparnted into threo fietors, namely: CG) the coofigiont 
of contraction; 7, the longth of “tho woir; “and 8 Y 3, 27H, the theoretion! dischaage. 
for the unit of Jength, According to ® well-known elementary theorem in hydrau- 


“Ties, the latter factor may, bo represented by the area of a aogmont of a prrul- 


ola,» of which’ the peramoter is 2g$ thus, in figure 6, plate: XU, if ABs 1G 
and: Box Vie, andthe ourve AWC is. parabola, of which tho. vortex ix A, 
we shall have ‘tho ‘avea of tho sogment AB Os: WIV2y Hy also, ‘tho volooity of 


. the. fluid’ ate: any point P will bo represented by the ordinate PAL Tho fuator 


HWign may also be decomposod into, two, others: WeraB, and t¥2g iT; which 
.equala the mean value of all tho ordinates of. the. parabola botween A and ¢ 
and: represents. the” mean velocity of the’ ffuid for the whole height of the ori 
fice, In demonstrating: this thoorom, it ia assumed. that tho water in the rosur 
voir ig at-xest; wo can, ‘however, easily establish -an analogous theorem, in. which 


"ik is assumed that..the water. in the reservoir’ has a velocity approaching the 
weir, in as direction “perpeiidicular to the plane of tho weir. Suppose & to be 


EXPERIMENTS ON 'LHE ILOW OF WATER OVER WEIRS.. TL7:: 


the head due this velooity; and in figure 6, plate XI, lot ABs: H and AD=2, 
wo shall have for: the velocity vat any point PL in the > holght of. tho ovifeg) 


ts Vig PE + Fay 


but. this ‘value of v. is the Silane corresponding to “he “abscleas; ARPA DE, vs 
of a parabola whose treme ig 2g We have also 


Boi ire, 


We can, consoquently, sapheact the discharge for the unit of: nk, by’ the: ‘area 
of tho surface: AB:CG, which is a portion of the segment BOD; the’ arca. of 


ABC jis the’ differonce of the ‘areas of the: Feumen’ BCD ‘mda AGD;: ‘the: a 


ten ts BOD is 
a : IDDx BO= 1+ IVTGUFH, j 


ao 
oud the area of ADG is 
IAD X AC= UV DGh, 
consequently, tho area. of ALC . : ; 


#(IT--h) VIGHET)— ihySgh=t wal pero iF 


anil, for the total discharge. we havo 


a 





gm anion]. 2 ss ae Gee of) 


The domnule (A) may be ‘put under the form 


Qi, ona a! a 


/ 


Suppose i to penonailt a, . dopth upon “the weir “that would ve the dlsoharg 
Q’ by the formulu (¢), wo shall have 





@ = Lonvig i: 
cubstitating the valuo of Qin (B), and reduing, wo be xe 


"we ralinea—i a 
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The equation (B), from which this value of JZ! iy derived, door nob agrea 
with that given for a similar caso by most writers on lydranlies, who seem 
generally 10 have followed Du Buat;" it agrees, howover, with the expression 
given by Weisbach} who appears to havo been tho first to point out the error. 

The formula (D) was communicated to the anthor, in 1849, by Mx. Boyden, 
accompanied by a demonstration somewhat rosombling the above, 

The yalues of ZH’, givon in column 10, have boon computed by tho formula 
(D) from the corresponding valuos of ZZ and & in columns 7 and 0 

164, Conumns 11, 12, and 18 avo sulficiontly expluined by their respective 
headings, ; 

155, Conus 14. Quantity of water passing the weir por second, ‘Tho cuantitios 
in this column ave obteined by dividing the tolel quantilics given in colunm 
18, by the corresponding intervals of time in column 6, 

166, Conuan 15, Vadue of CO in tho formule 


Qe O(l—~ Olam’) 4, 


@ having the corresponding values in column 14, 
In the formula proposed at art, 124, namoly:— 


Qe= Oll—bniyit, 


the values of the constants @ and 4 aro to bo detormined by experiment, ‘Tho 
values adopted in the formula by which the coofficionts in thia column have 
beon computed, namely: a==%, D== 0.1, wero determinod upon aflor many trial 
of other values; in consequonco of thoir giving rosulls according the most Heatly 
with all the experimonts, and at tho same timo having a convenient degres of 
simplicity. It is quito likely that many othor values of @ and 2 (probably an 
unlimited numbor) might bo found that would accord somowhat nearer with the 
exporimottts; 0 closer approximation than is given by tho uso of the valucs 
adoptod, could have, howovor, but littl practical value; much loss, it was thonght, 
thon would he’ derived from the use of tho simplo valuos ndoptod. ‘Tho uaa of 
& fractional power, such as a==147, deduced from tho oxperlmonts at the Tre 
mont Turbino (art, 185), is very inconvenient, and, to persons not woll skilled in 
the uso of logarithms, offo's groat diffoulty. 








. 


* Prinotpos ULydraulique, otey by M. Du Buat, Paria: 1816, Vol. 1, page 201, 
ft Alyemoine Maschinen Encyclopidie, Leiprig: 1841, Vol. 1, pago 489, 
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167, Conus 16, 17, and 18, avo, for the purpose of obtaining correct mean 
resulls of the experiments, made under circumstances nearly identical, In conse- 
quonce of the variations in the height of the canal (art, 150), it was impracti- 
cable to repeat the experiments with precisely the same depth upon the weir; 
by the method adopted for obtaining those mean results, all inconvenience from 
this source is obviated. As the formula by which the values of ©, in column 
16, ave obtained, is such as {0 givo results agrecing very nearly with oxporiment, 
over whon the depths differ considerably, it is plain that the values of @ deduced 
from experiments having nearly the sume depths, cannot bo allected by small 
variations in the depths, and will be subject io ho greater irregularities than if 
in tho sovoral exporiments from which they are deduced, tho depths had boen 
precisely tho sane, We can consoquontly take 2 mean cocfficient with tho samo 
confidences that we could take a mean quantity, if the dopths had been preciscly 
tho samo. ‘These mean coeflicients aro given in column 16, In column 17 are 
given dopths on tho weix, nearly a moan of thoso in the experiments from which 
tho corresponding mean coofticionts have beon deduced. In column 18, are givon 
whet may bo called tho mean quantities of water actually found by experiment to 
he discharged with the corresponding depths in column 17, A method similar to 
tho above was used to reduce tho quantitios discharged in the experiments of 
Castel, reported in tho Annales de chinie e de Physique, vol, 02. Paris: 1836; 
reprinted in the fixat volume of the Annales des Ponts ct Chaussées for 1887, 

168 Conuarw 10. Quantity of water passing the weir, caloulated by the formula 


2» 






hoe Q ==: 8.88 (0— 0.1 nJ0") 17", : 


IT” having The corresponding values in column 17. p 

« Tho coolficient 8.83 is derived from the arithmetical mean of all the cocfi- 
elonty in column 16, which is 8.8818, tho two final decimals being omitted for 
the sake of simplicity. ‘The lnrgest coelficions in column 16, is that deduced 
from experiment 84, which is 8.8617, excocding the coefficient adopted by ats 
part; tho sinallest coofliciont is that deduced from exporiment 4, which is 8.8002, 
being Jess than the oooflicient adoplod, by zy part; that is, tho formula by 
which tho quuntitios in column 19+are computed, will ropresont every oxperi- 
ment in the table, within one por cent. 

169, Coruun 20, Proportional difference, or the absolute difference of the quantities 
tn columns 18 and 10, divided dy the quantity in column 18 The greatest propor- 
tional difforonce is thal deduced from oxperimonts 84 and 88, which is —0.0090, ~ 
or little Joss than ono per cont. In those oxperiments there were two welts, 


‘ 
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about four feet long each, separated by a partition lwo feb wide; (he near 
neighborhood of the two orifleos appears lo hava allected the dischuygo. ‘ho 
next Jargest proportional difference is thal deduced from experiments 36 to 
48, which is —0,0068, or about # of one per cent; in these oxperiments, tho 
depth of the water in ihe canal leading to the woix, was only about thvee times 
the depth upon tho weir, ‘Tho exporimonts with the diminished depth in tho 
canal were made for tho purpose of testing the method of coxvooling the depths, 
upon the weir, for tho velocity of ihe water approaching tho weir (art, 168), 
They indicate that the method is not strictly accurate, as might jiave been 
anticipated, omilting, as it does, all consideration of tho effect producod by this 
velocity, in modifying the contraction, It is well understood that such an effect 
is produced," but it is of such a complicated nature, that the invoatigntions hith- 
erto undertaken have thrown but little light upon it. 

Tt will bo porcoived by referring to column 4, that tho experiments 61 to 
55 wore made under tho samo civeunstances as oxporiments 44 to G0, oxeopting 
that the sheet of water, after passing the weir, was prevented from expanding 
laterally for a certain distance, ‘This was accomplishel by placing hoards al the 
ends of the sheol, as vepresented by the hrokeu lines ab A, figures & and 9, 
plate XIV. By reforring to colman 16, i will be sven that tho offeot of theso 
bomds was to diminish the coofficiont from 8.8409 to 83,8270, corresponding to a 
diminution of the quantily discharged by tho woir, with the same depth, of g{qs 
or about four-tenths of one per cont; in olher words, tho offvel of the honrda 
upon the discharge was the same es would be produced by shortening the woir 
sty or } inch, ab cach ond. By reference to figuve 8, plato XLV, iewyill ho 
perecived that those boards did not affect tho freo communication Baty ) 
atmosphere and the air wnder tho shoot of wator;. if this conmuntenlion had 
heen obstructed, so ihat tho pressure of tho air under the shoot had been dik + 
ferent from that of the atmosphore, it would have affected the discharge. 
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LOWER LOCKS, LOWELL, IV OCTOBER AND NOVEMBER, 1889, 
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XID ~Coxrinunn, 
LOWER LOCKS, LOWELN, IN OCTOBER AND NOVEMBER, 1852. 
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aa oats OF TUB PROPOSED FORMULA WITH THE RESULTS OBTAINED BY PREVIOUS 
EXPERIMENTERS, - 


‘160, We ‘a on record « grené number of oxperinents on tho discharge 
of water over weits; in the presont state of the seienea of hydraulics, however, 
‘a. latge. proportion of them can be considered only in the light of frat upproxt. 
jnations; of great value undoubtedly, at the yveapeclive epochs ab whieh’ they 
were mada; but. it could serve no useful purpose to compare thom with the 
regults obtained with the more perfect apparatus used of Inte years, ‘Three Acta 
of experiments have been made in Fyance within tho last thirty yours, on a 
comparatively minuto scale, it must be admitted, but with complete apparatus, and 
conducted with great care, They were made by Poncelet and Lesbros at Mety, 
in 1827 and 1828; by Castel at Toulouse, in 1885; and by Boileau ut Motz, in 
1846,’ It will be vecullected that tho application of the proposed formula to the 
discharge over weirs in which the contraction at tho ends is complete, ix limited 
to dopths on. the weir, not oxcoeding one third’ of tho Jength of the sheet; > Us 
limitation permits the comparison to be made with only w portion of tho resulis 
obtained by Poncelet. and Lesbros, and by Castel. Boflonu operated on weirs in 
which. the end contraction was suppressed, and to which form tho limitation does 
not apply, ; 

‘161. Comparison. of the proposed formula, with tho results obtained by Doneelet and 
Lesbos. "These oxperiments are to be found among the magnificent sories wade 
ai the expense of the French Government, and recorded at length in J 
Aydrautigques su les lois de Pecoulement de Peat by M. M. Poneslet. and Lasbros, Paris # 
18825. and’ in’ the continuation undor. the ‘samo title’ by M. Lesbyos, Pris: 
“1851. In table XXXIX,, of tho last mentioned work, aro. given tho coelficients 
for computing ‘the discharge over weirs of a variety of forme, and of -eertuin 
~-Jengths, and-with certain depths of ‘water, by the formula 





d=xmlbNOgh ‘ 


in which @ is the. discharge, m tho ooaltictont, I tho length, 2 the depth, and 
9 = 9.8088 metres, or’ 82.1817 feet, ‘Tho comparison etn bo usefully made with 
-ouly one of the forms experimented upon, namely: that in which tho orifice 
yas made in a. thin plate, in’ the plane sido. of a: reservoir; the orifice being at 
a ‘great. distance from the bottom and lateral sides, and the discharge made 
feel, into the air, 
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In table XIV. are given the quantities computed according to Lesbros, for 
all the depths for which he gives values of m, determined by experiment, and 
which aro within tho limitation required by tho proposed formula, namely :. that 
tho depth shall not exceed ono third of the length. The quantities are also” 
given as computed by the proposod formula. . It will be perceived by the final 
column of the table, that the ‘proportional differences are nearly constant, and' 
that the quantities by the proposed formula are too small by ‘a little more than 
two per cent, If the coefficient of the proposed formula was changed from 8,38 
to 8.41, the computed results would agree very nearly. It should: be’ xecol- 
lected that the constants in the proposed formula have been determined ‘from 
exporiments in which the dopths upon the weir were from 0,6 to 16 feet, or 
about: eight times the depths in the experimenta by Ponoelet and Lesbros, LE 
ia the general result of all the precise .exporiments on the discharge through 


openings of a variety of forms, in a thin plate, that, for very small heads, the - 


covificients require to be increased; which. ‘proves that tho law. of. the discharge 
varying as tho square yoot of the head, does not hold’ good. for, vory small 
heads, Tho comparison in’ table XIV, affords the’ same indications; and. the 
constancy of the. proportional differences, indicates that tho correction: of the 
length, to componsate for the effect of the end contraction, is practically correct, 
both for largo and small. depths upon the weir, It would . not be difficult Et) 
to determine the values of the constants. in. the formula 


“Qa Cl—~ buh)’, 






kk wxperiments with nearly the same degree. of. exactness. that’ the’ latter: are 
“‘yepresonted, with the constants that have been adopted. This would undowbt- . 
edly be an advantnge in some particular . cases in’ practice, but if. it. was 
intended to’ make the formula “general, the sacrifice of simplicity would: be 
more than on equivalent: disadvantage, ca a se 





‘present. the experiments’ both of Poncelet and Lesbros’.and the Lower... 
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TABLE XIV. 


Tho length of the weir ts constant, and equal to 0.G502 fost, 


euneensertteetne enim tnatenranttnsan smtenmutittee 
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162, Comparison of the proposed formule with the vesulls oblained by Caste An 
abstract of these expoximents may bo found in tho Annales de Chinie et de 
Physique, vol. 62. Poxis: 1886; and in the Annales des ponls cf chausstes, vol. 1, fox 
1887. Povis, It appears to heve boon a leading idea in Uhexe oxporimenty, lo 
imitate, as noaly as possible, the forms and proportions of tho weirs ordinarily 
used in practice for gauging streams of wator; in ficl, lo reproduce tham “on a 
small scale, anticipating that the rules deduced from precise exporiments 
them might be applicd, without modification, to gaugings on ao largo acalo, The 
weir was formed by damming up a wooden ounal, 24279 foot in widlh, by a 
thin plate of copper, in which the weir was formed, lho crosl being 0.6578 loot 
above the bottom of ihe canal; tho width of tho woly varying from ahout of 
a foot to 2 fect, Tho Iatter width is so near that of the ounal, that the onl 
contraction must have been sensibly modified, ao thet any comparison of tho 
results obtained from it would be of lilo sos thoy havo consequently heen 
omitted. In the abstract roferred to, o table is given of the cocficionts deduved 
from the oxporiments, for a vavicty of widths and dopths. In table XV. care 
given the quantities computed with these coefficients, for all the widths and 
Aepths to which the proposed formula is applicable; also the quantities ay com- 
puted by the proposed formule, In consoquenco of the small -dimonsiona of the 
canal, the water approaching the weir had a sensible velocity; in table XV. 


‘ 
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the dopths on tho weir, for which the quantitics have been computed by the 
proposed formula, have been corrected for this velocity. It will be seen by 
roferring 40 the final column, that the proportional differences aro considerably 
greater, and have less uniformity than in the comparison with the experiments 
of Poncelet and Leshros; nevertheless, there is a certain harmony in the results 
of both comparisons, and they serve to show how unsafe it is, in the present 
slajo of tho science of hydraulics, to apply rules to gauging streams of water 
passing over woirs, of which the dimensions differ greatly from those in tho 
exporimonts from which the rules have been deduced. 


17 
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TABLE XV. 


Width of the canal leading to the weir 24270 foots hoight of the crest of dha weir above the battom af 
tha canal 0.0678 fee, 
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103, Comparison of the proposed formula, wilh thal oblained by Botlean. The 
exporimonts from which Boileau deduced his formula, ave given at Jength in 
duugeaye tes cours Men a faible ow a moyenne section, hy M. P, Boileau. Paris: 1850. 
Boilenu has particularly studied the discharge in the form of weir in which the 
contraction at the ends is suppressed; that is to say, the form in which the 
weir ovcupies the whole width of the canal conducting ihe water to it. The 
proposed formula is applicable 10 this case, by making »= 0. Boileau expori- 
mented on three weirs of this form; one of them was 5.80 fect in length, with 


the crest “1.54 feet above the bollom of tho canal; the other two were 2,04 ° 


feel in longth, the crest in ono being 112 feet above tho bottom of the canal; 
wil in the other 161 fect above the bottom; the depths on tho weir varying 
from 0,19 foot to 0.72 fect. By a train of reasoning combined with the results 
of his oxporiments, Boileau has arrived at the following formula for weirs of this 
form:— : 
S4-IT 7 

O= vss i. gid LU 2g, 

in which 


Qe=ztho discharge, 

Sz= tho height of the crest of the weir, abovo the bottom of the canal, 
which is supposed to bo horizontal for o short distance, upstream from 
the weir, 

H== tho dopth on the woir, taken before the sheet begins to curve in con- 

, sequence of the discharge. 

= tho width of bho canal, and also the longth of tho weir, 

9.8088", 7 





The cooMiciont 0.417 is determined fiom a mean of 14 oxporiments, 
Adopting the English fool as the unit, and reducing, we have 


hui Se el 
BBD og ypc af HUE (A) 


For this form of weir, tho proposed formula becomes 
Q=3.93.L10"": (B) 


Jl’ being the depth upon the weir, corrected for the volocity of the water 


approaching the weir. 
‘Those formulas differ so essentially that they can be conveniently compared 
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only by applying them to particular ensox In the formula (A), a8 8 inoronses 


relatively to ZZ, tho frotor = Wet hie: im approaches unity, which is the limit whon 
§ is infinitely groator than ZZ; in tho Jaticr onso we linvo also, J/’s= 27; tho 
formulas (A) and (@) then become identical, oxcepting tho coefficients, that in (2) 
_ being 4 less than in (A). Wence wo may conclude that for any lenglh of 
weir, and for any depth upon it, providing thal the depth of the canal leading 
to the woix, is vory great relatively to the dopth on tho weit, the quantities 
computed by the formulas (4) and (3B) will diffor fy only. 

Tn practice, howover, 8 is seldom very grent, relative to MZ Tek us take an 
example conforming more nearly to tho usual eases theb occur in practice, Tot 
HT=1 foot, f= 8 feet, L=10 fect, by tho formula (A), Q== 84.562 cubic feet 
per second. In the formula (2), WZ’ is tho depth on tho weir, corrected lor the 
mean velocity of the water approaching the weir; this volocity is equal to the 
quotiont of the area of tho soction of the canal, divided by the qumiily. But 
the yuentity itsolf deponds on this velooily, ‘ho formula (/#), if pub undor vo 
form to give the quantity directly from tho measured depth upon the weir, 
would beecomo very complionted; if will bo equally oxact and much enaivr, to 
find tho quantity by succossive approximations as follows, ’ 


Ist. approximation. 
Assumo JZ’ == 1, then @ = 88.8, 
2nd approximation. 
re aia the mean velocity of tho water in tho canal lending to the 


woir is WES} 5 == 0.8825; and for the head duo this velocity wo have coneggeslt 


ce 


hear == 0011; 


T= (1 4-1)}—E] = 1.0108; 


Q == 38.816, 


A third approximation in a similar manner gives @== 88.817. 
Tho proportional differonce of tho quantities by the two formulas is about 
_ Fry oF a little over two por cont. 

Boileau, in establishing his formula, assumes that the living foree in’ the 
entire section of the canal is oxpended in increasing tho discharge over the 
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weir; in the rhothod adopted in this work for correcting the depth on the weir 

for the velocity of tho water in the canal, it is assumed that the living force 

in the paxt of tho section of the canal equal to the arca of the orifice of dis. 

charge only, is oxponded in increasing the discharge; as applied to a weir of 

tho form under considexation, it is cloor that neithor of these assumptions is 

strictly true; the latter, however, appears to be the most rational, and to agree « 
the best with experiment, 


PRECAUTIONS TO BE OBSERVED IN THE APPLICATION OF 'THE PROPOSED FORMULA. 


104, Q== 8,83 (L—Oln I): 
in which 


Q== tho discharge, in cubic feel por second ; 
J:== tho longth of tho weir ; 

a-tho number of end contraction ; 

Jie= the depth on the weir; 


the Kuglish foot being tho unit of measure. 

When the contraction ia comploto at each end of the weir, 2==2; when the 
woir ia of tho same width as tho canal conducting water 10 it, the end con- 
t 





bn is suppressed, and n==0. 

“4 formula is only applicable to rectangular weirs, made in tho side of a 
dam, which is vorlicnl on tho upstream side, tho crost of tho weir being hori- 
wontul, mud the onds vertical; also, the edges of the orifice presonted to the our 
ront must be sharp; for, if bevelled or rounded off in any perceptible degree, a 
material eMeol will bo produced on the discharge; it is essential, moreover, that 
tho alvoam should touch tho orifice only at theso edges, aflor passing which it 
should be discharged through tho air, in the samo manner as if tho orifice was 
cul in a thin plato, ; 

Tho formula is nob applicable to cases in which the depth on the weir 
exeweds ono third of tho length; nor to vory small depths. In the, experiments 
from which it has beon detormined, the depths have varied from 7 inches to 
nomly 19 inchos, and hore seems no reason why it should not be applied with 
safely fo any depths between 6 inches and 24 inches, ‘ 

Tho height of tho surlce of the water in the canal, above the crest of 
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the weir, is to bo taken for the: depth upon the weirs this hight ehould ha 
- taken at a point fu enough’ trom the weir to bo unilvotod by the curvature 
caused by: the discharges if more convenient, ib may be tuken hy anewtna of aw 
pipe opening near the bottom of the cant) near tho upstream sila of the web, 
which pipe may be mado to communicate with ‘a box. placed in. any convenient 
. situation; -and if the box and pipe do not leak, tho height may bo obsvrved, in 
thig ‘mannei, very corvectly (art. 175), However the depth! may he observed, it 
may ‘require to be correctod for tho volocity of the wator hppionching the weir 

The end contraction must cither be complote, or ontively suppressed; tho 
necessary distance: from the side of ‘tho canal or voxorvolr ty the ond of tho 
Weir,’ in order: that. the. end contraction may be complete, is not definitely deter. 
mined; in experiments 1 to 4,:tablo XIE, the depth ont the weir was about 
15: feet, and the distance from the ‘side of tho canal to tho ond of the wolt, 

‘about: 2 feet; the proposed formula applios well to all these: experiments, Th 
cases where thero is ond contraction, we many agaumo a distance from the side 
of: the canal to tho ond. of the woir oqual to the dopth: on tho weir, as tho 
least admissible, in order that the proposed formula may apply, 

As to the fall. below. the weir, requisite to givo « foo dischargo to the 
water, it ia not definitely determined; comparison of experiments 4), 60, and 
61, table X, indicates that, when the depth on tho weir is L foot, and the onto 
sheet, after. passing the weir, strikos a solid body at about 0.6 feet below the 
crest of the. weir, the discharge, with tho samo depth, is dhninished whoubk golyg 
By. experiments 1 and: 2, tablo XIL, it appowrs that, when tho shoot passing ‘the 
weir, falls into water of consideiable depth, the depth on the weir hoing “about 
0.85 ..fect, no difference is porceptiblo in the discharge, whether tho wateisir 
foet or. 0,285 fect below the crest of the weir; it is vory, ossontial, however, in 
Ul cases, thet the air under the sheet should have freo communication with the 
external atmosphere: With this precaution it appears thal, ‘it the full heliw the 
crest of the. weir is ‘not less than half tho depth upon the wolt, the diseliurge | 
over the: weir ‘will not. bo poreeptibly obstructed. If tho wheat iy of -vory grant 
longth, ‘however, \ more’ fall will bo necossary, wnloss some gpodial arrangement is 

made “to. atipply air to the spacd under the“ sheat™ at tho places that would 
otherwise not have a froe communication with ‘the atmorphoro, 

In respect tothe depth: of tho canal leading te the wait, exporhnenta 86 ta 

: 48). table XIIL, show that, with a. depth as small as throo times that on the 
“weit, the proposed formula agrees with experiment, within lena than ona per cent; 
“this proportion. may be taken as the least admissible, when an acenrate gauging 

is required, a ; 3 
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Lt not unfkequently happens that, in consequence of the particular form’ of 
the canal leading td the weir, or from other causes, the velocity of the water 
in tho canal is not ‘uniform in all parts of the section; this is a frequent cause 
of serious - crroy, and is often. ontixely. overlooked. If great irregularities oxist, 
they should be removed by causing the water to pass. through one or more 


gratings, presenting bumerows small apertures equally, distributed, ‘or othoxwise, as. 


the caso may require, through which the water may pass. under a small head; 
thoso gratings should :he placed as far from the weir as practicable. 

Te the canal leading to the weir has a suitable depth, it- will be requisite 
only when. great precision’ is required, to correct the depth upon the weir for 
the velocity of the jvater. in the canal by the. formula (D) (art. 158) ;~ thus, in 
experiment 42, table! XTIL, the water in tho. canal. had ‘a mean velocity. of about 
1 foot por second, tho offect of which was to increase tho. discharge about . two 
por cont; in oxpdriment 82, in which the. velocity -was, about “0.5. feet pew 
svoond, . the discharge was. inerensed about one per centi;. those -examples . will 
enable the operator ‘to. judge, in. cach caso, of the nocossity of going at the 
troublesome caleulation for correcting the ao on tho weir, 


1 
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MISCELLANEOUS EXPERIMENTS ON THE FLOW OF WATER, MADE AT 
TUE LOWER LOCKS, IN NOVEMBER, 1802 


“On tho discharga of water over a dam of. the stad section as thet ereeted by tho’ Hessen Comprny, across. the 
Morrimack Rivor at Lewvened, Miaeachiuetie, : 


165. As these experiments cannot be usefully, dompared with (hose on woirs 
of more regular form, they have not boen included in tablo XII; and. as they 
ave of lesa gonoral. interest, thoy will not be given with much detail, 

Tho. form of the dam is yopresonted by figures 11 ‘ond 12, plato XIV. 
(art 147); the other apparatus was tho semo as that used for tho exneriinonly 
in table XII 

The ond contraction was suppressed hy making the enna loading to the 
overfall of the same width as tho. ovorfall itsolt The water in tha hook gange 
boxes communicated only with the wator contained in tho spaces belayeen the 
“masonry and’ tho woodwork forming the sides and bottom of the canal leading 
to the overfall; as there was a froo communication. betweon tho water at A, 
figures 11 and, 12, and: that near the hook gauge boxes, and us tho wator 
hetween these places was sensibly at rest, wa may consider. ba the. height ot 
the water was taken at Ai i , 

166, In table XVI. theso experiments ave exhibited. in suiont detail to he 
intelligible. 

Cotumns Land 2 require no explanation. 

Cow 8, The heights: contained inthis column are akovo tho mean levol 
of the orest. of the dam, which was vory noarly horizontal for a diatanca of 
2.06 feet from. 0 to D, These heights have not heen corrected for tho velocity 
of the water approaching tho. weirs; indeod; from the manner in which they 
: Were observed; no correction waa necessary. 

_- Conmm 4, The quantitios in this column have been obtained in tho manner 
described in the explanation of table XII, (art 158). . 
Coron 5 Quaatily of water passing over the dan, caleulated by the Jorma 


Q== 8.01208 74"5". 
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This formula was arrived ot by® trial of various powers of 2, and -was 
adopted -as ropresenting, tho most nearly, the results of tho. five experiments “in 
the table; it should be distinctly understood, however, that it is not applicable 
to depths much grenter or Jess: than in the ‘experiments from which it is. - 
deduced, In April, 1852, the dopth of water flowing over ‘the, dam at Law 
renco, was 10 feet; if -the quantity. then passing over the dam were com." 
pnied by this formula, it is probable that it would be greatly in error. 

Coun 6. Proportional difference. Tt will be observed that the’ greatest pro- 
portional difference is.0,0085, or less than one per cent.;. we may therefore say 
with confidence, that wo can compute the flow of water over the Lawrence dam; 
when free from ice or other obstruction, for any. depth not greater than 20 
inches ov loss than” 7: inches, withaut..being lable to. an error b exneaaing one 
por cont, : bE Aes 
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167, It is often. a matter ‘of gredt doubt and uncertainty, to: i wat what 
distance from the weir. the depth of the water upon ib should be. observed ; 
very often: also it becomes n matter of necessity to observe the depth at a. dis, 
tonco from. the weir so small that, according to some; the quantity of water 


passing the weir, computed in the usual manner, would -be liable ‘to. sensible’. 
18 
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error. Vor the purpose of oblaining somo Tight wpon this pofut these expert 
ments were underlaken, aud, as they wore modo with all the preemitions for 
insuring docuracy that could bo dovisod, they will bo desoribed with some detail, 

168. Figures 8, 9, and 10, plato XIV, represont tho form of tho weir, and tho 

system of pipes used for theso experiments, Tho canal lending to tho woir was 
“of the same width as tho weir, so that the end contraction wna supproraci, 
The pipes were of lend, about tlroe fourths of on inch interior dimneter, the 
lower extremities of which, numbered from 1 to 8, woro about threo inches 
above the bottom of tho canal, and erminated in holes in tho hoard CC; the 
side of tho board at which they oponed was vertical, ond in the axis of tho 
canal; tho ends of the pipe did not project through tho board; the othor extremi- 
ties of tho pipes were fastened by small flanges to the bottoms of tho hook 
gmge boxes; holes wero made in the bottoms of the boxer correaponding to 
cach pipe, and communication between tho boxes and tho pipoa could be com 
trolled at pleasure, by plugging up these holos. «It will bo readily perceived 
that heights of the water obsorved by this apparatus aro not nocossuwily the 
truo clovations of tho surfico of the water immedintely ovor the orifecr of the 
pipos, but that thoy are the clovations of tho surfice in the hook gaugo boxer; 
an elevation which is due to the statical prosauo on the orifles of the pips. 

169, In order to obtain tho heights at different distancos from tho weir, 
observations were necessarily made with both hoolt gauges at tho same time, 
one of which was always in contmunication with a pipe opening at 6 feot from 
the weir, thé apertures in the bottom of the box, communicating with all tho 
other pipos, being plugged up; at the other hook gauge, oither pipa migi 
in communication with the box, all the other aporturos boing plugged wp 
the dopth at six foot from tho woir was observed in ench oxporimont, to bo 
used ag a standard with which the depth obsorved simullancously at any other 
distance might be compared; this mode of procooding was rendorad necemury, in 
consequence of the impossibility of maintaining tho level of tho water uniform 
for any orsiderablo longth of timo. 

170, Th considering the sources of orror to which tho obsorvationa with tho 
hook gauges were linble, it appoared thet four kinds required fo be apecially 
guarded aginst, nomoly: Hos, imporfect comparison of tho gouger, with the lop 
of the weir, Second, defootive stability, in consequonce of which tho reliutivo elo 
vations of the gauges aud tho woir might not be constant. 7%urd, errors in tho 

.eniduation of the gaugos. Fourth, the differonco in the habit of observers, in 
making the point of the hook coincide with the surfice of the wator; or, what 
we may call, the personal orror, Th relation to the jist, wo must bear in mind 
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that the yoquirement here is not so much thet the ubsolute height ebove the 
top of the weir should bo oxactly detorminod, as that tho differenco of the 
heights al two points, at different distances rom the woir, should be determined 
correclly; if then we know tho relative heights of the two gauges, the object 
can bo attained, even if we do not know preciscly the height of cither of them, 
relatively to the weir. The heights of the gauges relative to cach other, could 
easily bo ascertained at any timo, by closing up all the aperturos in each box, 
except thoso communicating with pipes, numbers 4 and 5, which, it will be seen 
by referonce to figuro 9, had a common orifice at their lower oxtremities; con- 
sequently, the surface of the water in both boxes must have been at the snine 
level, ‘he correction to be applied to the reading of one of the hook gauges, 
was takon as previously determined for the experimonts on the discharge over 
tho woir, and tho correction for tho other gauge, was deduced from simultaneous 
obsorvations on both gauges, when tho boxes communicated with a common ori- 
fea, in tho manner just described, Tho second source of crror was guarded 
against as much as practicable, by making the obsorvations for the correction 
just doseribed, at nearly ihe same timo os the exporiments to which if was to 
bo applied, Tho dangor of exror from tho dard source was much diminished by 
making the obsorvations for the correotion, with nearly the same depth upon the 
weir as in tho oxperimonts to which it was to be applied. The fowth source of 
orror ‘waa oliminated by determining the correction separately for each pair of 
observers, Jn short, those four sources of orror wero reduced to a minimum by 
delormining for each sossion: of the experiments, and for each pair of observers, 
relative corrections to bo applied to the readings of tho hook gouges, to 
tho depths upon the weir; the dopths, when :the observations for these 
corrgelions wore made, being nearly tho samo as in the experiments to which 
they were to be applied. 

171, In table XVIL aro given tho rosults of the observations made for the 
purposo of obtaining tho rolative corrections for tho gauges, for each session of 
the oxporimenta, and for cach pair of obsorvors. In computing the depth upon 
tha woir by tho north hook gauge, the correction —~0,03072 is applied to the 
mean verding of tho gauge, (ar 148); tho mean reading of the south ‘hook 
gauge is givon; as the water in both boxes is at tho same height the differ. 
onco betweon tho depth upon the woir, as determined by the north hook gauge, 
and tho mean xeading of the south hook gauge, must give the correction for the 
last named gauge, 
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VYABLE XVII. 


















North hook gauge, in von ule ‘ ‘ 
tion With pipe Ra, enlng }) Bouth hook gauge, In eommemisation with pipe No.4, opentnys work tho 
aut tle Hotton of tina caval tt . wont of Hay crnal ab 6 fob fon tho Wolk 
0 fuct from the wolr, 


(orreothin bo bo) Moun eorrestion for 
Arithmatical Arlthnnetion) lapped to the inca]: gael aeautons, atid 
Obuerver, — | moan tepth on| Olworver, fF mean readhyg | renling to ylee tho aul pale a. 
Heo wolrs . of tha Kittie. | dopls ou Hi wel, Obeer ver, 
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» M2, It will be peresived, by on examination. of table KVIL, that there aro ; 
Sreater ivegularities in ‘the comparisons by some. observers, than in those by : 
others; this is to be attributed, principally, to tho different degrees. of oxpert- | 
ence and skill.in. the . observers, 
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173. “In table XVII ave given the details of the experiments, to ascertain 
the oflect of observing - the depths upon the weir, at- different distances from ihe 
weir, by. means of pipes opening near the bottom. of ‘the. canal. In order to 
obtain the depth upon the weir by the north hook ' gauge, the correction 
--0,08072 has heen applied to the mean readings of this gauge. The correction 
for tho south hook gauge is. taken from” the final’ column of table XVIL; for 
tho corresponding session and pair of observers, From want of ane pipes num. 
ber 6 ond 7 wore not'made uso of. 

Tt will ho perceived, by roferring ‘to’ the final column of table XVII, that 
the: difforonces in the heights, at the different distances tried, ave very inconsid: 
erable, and such. as could be dotected only by the most delicate means. of 
observation, © 

174. ‘Two comparisons were made in ‘a similar: manner, of the - heights, when 


one gauge box communicated with a pipe opening neon “the “bottom of. tho 


onnal, and tho other with a pipe opening through the side, at about 4.2 feet 
ahove the bottom, the orifices of both being at 6 feet from the weir, a8 ropte: 
rented at 2B, figures 8, 9, and 10, plate XIV.; tho following are tho results, 


Hivet comparison, made November 7th, beginning at 8", 62’; rw 
Francis, ‘at north hook gauge, with pipe No. 6, depth on weir . 0.81616 feet, 


Avory, vb south hook gauge, with pipe B « $ O81641 « 
Difference vo ee ee ee ee ww + 0.00025 fect, 


Sqcond comparison, made November 7th, beginning at 4", 55 pm. ae 
gacis, at north hook gauge, with pipe No. 6, depth on weir - 0.81775 feot. 
nvell, at south hook gauge, with pip Bo mi O8LTTE 
-+-0.00001 feet. 









Difference 60 es 


Thos differences ave so minute that wo may conclude that the depth was 
tho: arma whether tho pipe oponed neat the bottom of the canal or at 4.2 feet 
above. 2 Siti 

176, These oxporimonts, are in comootion with those of Boileau," 
lias. arrived’ at. similar yvosults, leave no doubt as to. the proprioty; ‘vhienever 
convetiionce requires it, of observing the depths upon the weir by itieans of .a 
pipe oponing into the dead water, near the bottom of the | canal. Oe the? upatreatn 
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* Jangeage des cours emt, by MP. Boileait. Paris: 1880,: 
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A METIOD OF GAUGING ‘THE FLOW OF WATER IN OPEN CANALS OF 
DNIVORM RECTANGULAR SECTION, AND OF SHORT LENGTI. 


' 


176, Tim motion of water in canals of uniform section, and of great length, 
has beon snecessfully investigated by sevoral eminent philosophers and engineers; 
all their caloulations, however, are based on certain fundamental conditions, relating 
lo the uniformity of the motion, either in different parts of the same section, or 
in tho different sections;" conditions which ave not generally fulfilled in canals 
of which the Jongth is short in proportion to the other dimensions, Tt is a 
maticy of common observation, that the irregulavitios in the motion of water 
cunsedl by changes in the form of tho channcl, or in tho direction of tho cu 
vont, do not coase immediately aftor passing the causo of the ivrogularity, For 
instance, if the water at its ontrance into a canal has, from any cause, a greater 
velocity on one side of tho canal than on the other, the irregularity will dis- 
appear only at a certain distance from the entrance, depending upon the par- 
tioulay circumstances; this distance may be equal only to the width of the 
nu,sor it may be at ton times that distanco; and it is only after the water 
mz (raverned a eufficiont distance {o becomo freo from such inrogularitics, that 
@ uaual rulos reluting to its motion are applicable. 

177, ‘The volume of water passing a givon section of a canal, is equal to 
tho product of the avon of the section by the moan velocity, talon in a direc 
tion perpendicular to the plano of the section; in atraight canals, of uniform 
section, and of groat longth, the motion of the water, after passing through a 
cortain length of tho canel, becomes regular and uniform, in which case the 
monn velocity may be othaget with considorablo accuracy, fiom the velocity of 
tho surfice nt the centre“of ithe canal, where tho current is the most rapid. 
In short canals, however, this method is ravely applicable, if much precision is 
required. Various other methods have been devised for obtaining the mean 











‘ 


* Soo A Treatiss on Water. Works by Charles 8, Storrow. Boston: 1835, Pago 24, 
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velocity in such cases,* allording approximations moro or lost perfiel, It lias 
been frequently found convenient at Lowell, to gaugo argo stroma of water hy 
causing them to flow through short rectangular canals of uniforin suction, and a 
particular method of obtaining tho mean velocity has boon practised, which will 
now be described. 

178. A convenient part of the feeding canal is solected and lined with time 
bers. and planks, so as to make a smooth and uniform rectangular olumol; this 
is called o flume, he mean velocity is, obtained by moans of tubes, loaded at 
one end, so that: they may float in nearly a perpendicular. position, the lower onda 
just clearing. the. bottom of tho ‘flumo; these tubes aro pub in new the uppor 
ond of the flume, and from the observed paths and velocities. that they  axssmne 
through a defined portion of the length of the flume, a ameun velovity. ia deduced, 
‘Three of these flumes ara: represented at figuro I, plate XI J is the tlune used 
to. gauge the water drawn by the Middlesex Company through. tho ponstook 27; 
Gia the. flame for gauging the water drawn by the Massuchusatty Cotton-Mille ; 
and AL the. lume for gouging the water drawn by the Booth CottomwMillk; ono 
sido ond. the bottom of cach. of the two latter fumes, aro permanently wttashad 
to. the cinel, Whenever a measuroment is desired, the partition is pub ins it fs 
algo continued down tho. canal about 900 foot beyond the lowor end of tho thine, 
ox to a point just below tho lower, ponatocls, through which water is drawn. by 
tho . Massachusetts Cotton-Mills;- at which: point, it is connected with the | bank, 
These two. establishments are all that draw from this canal When the. partition 
is. in plaoe, and, impervious to water, all. tho wator that passes tho fluma 7, is 
drawn by tho Massnchugotts Cobton-Mills; and all. that passes the flumoe a4 is 
drawn by the: Boott Cotton-Mills. JY, gratings fur tha purpose. of equalizing, Aa 
certain extent, tho volocity of -the water entering the flumog; those are. not nocor 
sary.in all situations The fnll at the grating is usually from 2 to 4 inches, and 
the level of the water in tho basin 4, is raised an. equal amount whenever a 

measurement js made, . O, fonts or xalts mado of planks, for the -purposo of 
diminishing, the oscillations In tho: surface, caused. hy. the aratingé. P and i, 
timbors for tho. upstroam and downstream transit stations 3 the upstream sides of 
those iimbers form vertical pluncs, marking. dolinito arts of tho fluiney, in which 
the. mean, velocitios, ave to bo menstved.; those timbéts, and also tho intermedinte 
timbors. Q, are graduated into feet, tho zero. points being in the axes of tho 


= 





* Sco Watshach's Principles of tho Mechanics of Machinery and Lingingoring Vole 1, elu VII, Phila. 
elphia: 1848, ihe 
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respective flumes; this graduation is for tho purposo of being’ able to observe the 

paths of the-tubes. 8, gauges, placed in boxes ‘communicating with the flumes, . 
for the purpose of showing. the depth of water in the flumes, The times of the 
transits of the tubes at both of the stations P and 2, wore observed by the sanie. 
chronometer, the signals being made by an. electri¢ telegraph erected for the. pur- 

pose, Tho telegraph used. for this: purpose, is a very simple ‘appardtus;. the circuit 

is formed by an insulated copper wire, about yy. of an inch in diameter, and. the 

electric current is maintained Ly a small galvanic battery. Whenever the circutt . 
is broken, 6 small clectro magnet becomes demagnetized, which causes. a slight 

blow to be. struck on: a vertical glass plate, placed near the observer, who notés ‘the 

times of. the transits; apart from the precision of the. results’ obtained. by this 

mothod’ ‘of ‘giving’ signals, it-.is quite an: advantage. to’ be able to. station the 

observer at some: quiet and:conveniont spot in the neighborhood. fe Se, 

Tho tubes are cylinder, -made of-tinned: plate, about ‘two. itolieg in diameter, 
and of a. length usually a little exceeding’ the “depth of the! Water in. the - flame. 
‘Tho clevations of every part of. thé “bottom being’ known, ‘a’ inspection of the. 
gouge S shows at once the height of the surface of the water’ it ‘the flume ‘above 
tho monn lovel of the bottom, and also above the ‘highest part of the. bottom. “The 
tubes are londod with lead at one end, so as to sink. in stagnant water.'to: a depth 
about an inch less than ‘the depth of the watq on the highest part of ‘the bottom, 
Whenover the level of the water is linhle to vary, several sets of tubes: aré pre- 
pared of different lengths; genorally, however, at. Lowell, the level’ can be. maii- 
Pitained at a uniform height with: sufficient exactness, during the period. required ‘for’. 
moasuwomont ‘Che length of the tube is such as to project about four’ ingles 
@ the surhtieo of the water; on some occasions. thoy Tiave “acoiden ally “been 
much longer, If the position assumed by tho tibes varied much fiom tho. vertical, 
it would become sensible in auch casos; it: has “seldom . been péiesived; however, 
evidently becanse the ‘contro of. gravity of tho’ tuba dg, so: fur: ‘below. the: centre 
of gravity of the space “ognupiod hy the initnorsed portion’ f the. tube, ’ 

The operatidirrot obsa ying tho passage ‘of a” tube: is: fs’ ‘Yollows. An assistant; . 
standing upon the float OG “Or on a platform in’ about’ the same: situation. if ni 
is used, placos the tubo in, J nearly vertical position“ ag ho“ can, immer; 
to tho required depth, and tt: any required. point in the width “of the 
manouvre requiring a little practice to. perform “it in’ a ‘satisfuctor 
tube being abmndoned to the. currént, reaches: the transit. station: 2 ; 
observer, at the instant it copagses, touches. the key: ‘of. the...“ circuit” .con- 
nected with the wire,.of the “PEER; ‘which. catises ai signitlto be. made in the 
vicinity of the chronomé at which the time “of the: transit is noted, Another 

19° te 3e, 
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assistant notes the distance from the axis of the flume, at which the tube passes 
the upper transit station, The tube passer on to the inturmedinte station Q, 


where an observyor notes its distance from the axis, At tho lower station Ji, the: 


observations of the transits, and the distance from the axis of the flume, are token 
in’ the ‘same manner-as at the upper station 2. An assistant standing on «a 
"platform. a little.on. the downstream sido of the station 2, catches the tubes as 
they.leave the flume. : 

“179, In deducing the mean velocity from the observations on. the phasnge 
of the tubes, it is nasumed that each tube moves with exactly the mean velocity 
of tho water” throughout the whole depth of ‘the ennal, in tho partioular path 
followed by the tube; tho distance traversed by the tubo being measnred on a 
line parallel to, the axis of the flume. An obvious objection to thia axwmnption 
is, that’ the tube does uot extond to the bottom, und that, consequently, a portion 
of the’ stream in which the water has. tho least velocity, has no direct offvet 
upon’ the velocity of the: tube, which will therefore assume. nv velocity somewhat 
above the mean forthe whole depth. Woisbach, in his Principles. of the Mieheaics 
of . Machinery and Engineering, previously cited, volume. 1, chapter VIIL, has the fol- 
lowing rothark, which is well founded, and has ‘a direct. relation to the aubjoct 
under ‘consideration... “As a role, especially with Jargo and floating bodies, ns ships, 
ote, the velocity of the swimming. jody is soinewhat groater: than that of the 
water; not so’ mich Beoatise. these bodies in awimming float down an inelined 
plane: formed “by: the surfiee of the wator, but because’ they take nono, or reareely 
any, part: in “thi itvogtilar intimate motion of tho water; alill, tho. variation for 


amall floating bodies isso slight that it may. bo noglected.” Again, if tho’ I 


has ‘different volocitios at different depths, it ia plain that, ‘at’ somo parts: 
length of the tube, the water will be passing by it, cating’ o premure on ‘tho 
~-apstrennt ‘side “of . the tubey: and-at other ‘parts of its length, the tube will. be 
-tnoving thtough the watgay) causing a prosstie on ils downstream side; these two 
pressures will “genovall¥eme in equilibrium, The - progsiue any point of the 
“tithe, WHI}. nedording: to. well-known principles, bo. prop A aquare of tho 
oy» Yelative Velocity of the tube-and of :the current, at: me points consequently, 
“df we suppose: the: depth. to which the tubo is iggaorsed to bo divided into a 
» great. number of ‘equal’ lamin, we: shall have tho Bun of ‘the aquiares of the 
teélativo volocitios of all: the lamin that are moving fiwtor than the tube, equal 






to tho sum of the squares of the relative volocities of all tho Jamine that are - 







“moving slower than the tube, ‘The mean volog 
depth “to” which the . tube is imntersed,’ is equa, 
"velocities of: ‘all: the laming, The velocity assumed 


» 


the cwront for the whole 
hmetical mean of tho 
ho. tube, depends upon 
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a different law; ‘hence, it is evident that, secaity the tubo will assume a velocity 
different from the mean relpelty ‘of the: stream,. for the depth to which. the tube 
is Immersed, 


Although it is obvious that, whenever. the velositee ab different donthe: donot 


vary much, aa is: usually the case in canals, the difference between the- velocity 


of. the tube, and the mean velocity of the stream,.for the depth.. to,ayhich the tube 


is immersed, must be small; still, there is.a degree of uncertainty attending it, 
Tt is also unknown what correction to make, in: consequence of. the tube not 
reaching to the bottom of tho canal. In. order. to. estimate the degree. of accu 


roy of this mode of finding the mean yelocity, and also. to. ascertain what: cor- 


rection to apply.to..the-results. of such. gaugings, ‘experiments. have : been made: at 
Towel, on a. ‘soale of unusual magnitude, The mean. velocity of the ‘water. passing 
a flume, hes. ‘been. obtained: by, menus. of the tubes,in. the. manner ° described above; 
from this,. and the known, dimensions. of. tho fiuine, tho quantity of. water 
flowing through it, has’ been deduced, After passing ‘tho, Altima, the: same. water 
waa ‘caused to: flow over weirs of ‘regular form, byy: which isnt independent 
guuge. of the quantity passing: the flume,: was obtained, bya aimethod known to 
he sufficiently oxact for most purposes, The apparatus, with which these expoti- 









merits. wore made, together with the method of conducting them, will now -be | | : 


described. . ees 
180, The menn velocity of the water passing the Middlesex flume, was 
obtained by: means of the tubes, in the manner described above, In figure 1, 


ee als tho ane is piaaeee at Jas. it was. in the four Deals x de \ 





ures 2° and 8, fils XI, aro a on and . “loagitadiaal Ogain. of the ssp gauge 


ing ‘weirs, as they 86 dy pe the peyen oxperiments 5 Ke ee bth, 1862, 





placed aes in ‘tho contre or 
Aftor passing the: flume, tho water was conducted through the uppe* 

chunber to the basin sp ffich had gauging weirs on three of it 

total length of these weirs was 77. ae feet, ‘The: crests of the,.we 





experiments, Soe 
the. purpose of facili 


“the weirs, in. hon 
_N, figures 2 and -4wo 





dil 
thes 


pais ni "foot, 
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tating tho chango of direction of the current entoving the basin Ay whieh, ib 
will be perccived by reference to figure 2, had to turn ab right apgles to reach 
two of the weirs, The quantity of water ganged ot these weirs, verte in the 
different exporiments from 120 to 208 cubic foot per socond, In gauging tho 
larger quantities, i¢ would havo been more satisfactory if the basin A” had been 
more oxtensive, as tho change of direction in tho cmvent eaused a sensillo 
inequality in the heights of the water, in different parts of tho basins however, 
as the depths upon the weirs are deduced from observations mado at the four 
gauges symmetrically placod in relation to the weir, only a Hight error can have 
axison trom this cause, Precautions were taken to prevent lJeakape betwoen the 
flume and the measuring weirs, and tho change in tho quantity, from Unis cause, 
must have been entirely insensible. 

Before commencing an exporiment, the velocity in tho flume war regulated, 
if nocessary, hy placing planks across the Jock, at the hollow queina O; nw 
chango whatever was mado in these plonks during an experiment Itiguves [, 2, 
and 8, show tho form of the appronehes and of tho gratings, at the heads of 
the flumos, ‘Thoso arrangements had an important offeet upon the volative velovi- 
ties in difforoné parla of the section of tho Uume, aa will be explained further 
on. In tho oxperiments mado August 16th, the distanco between the patron 
ond downstream wansit stations, was 110 feot; in the oxperimenty of September 
6th, this distance wea roduced to 100 feots tha chango being made in the pox 
tion of the upstream transit station. 

181. ‘With a view of vondering theso experiments more intelligible, the detuilsy 
of the observations made ab the flume, “3% fhe prpose of ablaining the: mew 
velocity in oxporiment 5, aro givon ab fuigth in toblo XIX, which contains 
the greater part of tho reductions of the obsorvations nocessiy,uin order to fin 
the mean velocity. { : 

ESPLANAMION OF sADS 
explained by the regpq oadings. 

Corum 6, Tho Mek ‘distances given in thie ct 
twice the distance of the middle station to tho distd 
tions, and dividing tho .aum by 4. 

Comm & For the purpose of simplifying the Tetaclion, avillanetionl means 
aro tukon of all the moon distances of tho sido tubes that full between tho even 
feot from the contro; md tho game also, with tho corresponding ratios of the 
volooities of the side tubes to tho centro tubes, Tho ave tiles in column 8 are 
reprosented by tho disgram, figure 4, plato XV, Witch i od from the original 
on & much larger scale, ,Tho mean pone aro ¢ the abscissas; those 











& ~ 


The greater part of tho columns aro suffleiontiy 
% 







md by adding 
two other sta 
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4 “heing unity. \The mean timo oc¢ 
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on the north side of the centyo, més; those on the south side, plus, The ratios 
of tho yelooilies aro taken for the ordinates, the upper extremities of which are 
connected by tho broken line; the full line connects the extremities of the ordi- 
nates, corrected, whon necessary, for the most striking irregularities of the obser 
vations. In tracing the corrected line, n weight is attributed to tho ordinates, as 


they are given in column 8, proportional to the number of observations from * 


which they aro respectively deduced; thus, the ordinate deduced from all the 
obscrvations with the contre tubes, which is taken as unity, is determined from 


twenty-four obsorvations; while the adjacent ordinates on each side are deter , 


mined from a mean of two observations each; consequently, it is assumed that 
the ordinate corresponding to the centre tubes, is determined with a much gredter 
degree of certainty than the adjacent ordinates, and in drawing the full line for 
the corrected ordinates, a corresponding weight has beon givon to it, The ordi- 
natos terminated by tho full line, are assumed to represent the relative mean 
volocilics of tho wator, at distanoos from the centre of the flume equal to their 
corresponding abscissas, 

Comumy 9, The numorical values of the ordinates of the full line in figure 4, 

Cosunns 10, LL, and 12, ave for the purpose of Binding the mean velocity of 
tho wholo section, that of the contre tubes being unity. This mean will evi- 
dently Le tho aren of the figure ABODE divided by tho sum of the positive 
aud negative abscissas, or AB=9,08 The sum of all the partial areas in col- 
umn 12, or tho area of tho figure ABCD H= 9.28647, which, divided by 9.98, 
gives 0.9255 for the mean volocily of the, whole section, that of the contrg, bubes 
"the centre tubes : passing 100 fect, 


was 26,11 4 sa nds; they had, therefore, & mean velooifg Lof stony = 8.0825 feet per 


& 
second, Thotytiown depth of the water in the fl diving the experiment, was 
8,007 feob; Hf mean soction of, fePMlumo was, o@hadiady 


sqaure foots and the quaptily of water passing the fl 
ed Dia my by 
DOL BE 25  0,0255 == 204.6 cubic foct per second. 

DE IT tg 







182, During the S period occupiod in tho observations af the flunie, 
fonr observers were taking tho depths upon the weirs, by moans éf the hook 
gauges; from these observations, and tho known dimonsions of the “wéirs, the mean 





quantity aa aa the formula « 
pass (c—o1nmymt, ' 
ci ae 
was found io be 280.44 cubie feet per second, or about 8 feet per second less than 


“aay 


yee 


e 
Yen, 
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by the measuroment in the flume; or, in other wordy, the measurement in the 
flume, by means of the tubes, gavo. a vosult, about. 27 per cent. greator (lan the 
measurement at the weirs 
The tubes used for determining the mean velocity in. this experiment, were 
immersed 7.876 feet; consequently, thore was a ‘amine of water, betweon tho 
" lower ends of the tubes and the bottom of tho flume, of the mean thickness 


8.007 7.875 == 0.132 foot, > 


The velocity of this lamina could have had no direct influence on tho velocity 
of the tube ; and as‘it is probable that its volocity..was Josa than that of tho 
mean of the Inmine above it, ib is fair to presume that, if the tubes had been 
immersed to ‘0 sufficient depth to include this Dottom lamina, it would have had 
a mean velocity a little slower than was found by exporiment, and the agree 
ment of tho measurement at tho f{lumo, with that at the weir, would: have been 
nearer; this, however, will account for only a part ‘of the difference. 

188, ‘Table XIX, contains, also, observations with centro floats. ‘Thoxo. word, 
of wax, about 2 inches in diameter’; tho moan timo occupied by thom in’ pare: 
ing 100 feet, was 20.81. sooonds; giving © mean surface velocity of 


100 
081 





==3,783 foct por second, 


ora little over 6 por: cent. slower dah the mean velocity ax deduced fram tha 
observations’ With the tubes, Prony gives & formula for deducing the mean 
velocity of the-whole section from thoy locity 5 this formula, when re@ucat,, 
to the English foo!" », - a jt, becomes : 



















in which, V=: tho su 
for V, we find 


v=: 8.0507; 









giving as the aunntty passing the flume, vag 
79, 91. x 8,0507 == 248,78 oubio fect por seal, 


which ig 15 por cont, loss than by the welr mensuroment, 


'y such gros4 errors 
are we Hable, if wo misapply the rules of hydraulias 






ae A Treatise on Water Works, y "Charles S. Storrow. Pago 96, Baston : 1883, 
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